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ABSTRACT 


The trisaccharides 8DGlc(1>3)[aLFuc(1+4)]8DG1cNACcOR, 
(the 4'-epimer of the Lewis-a determinant), aLFuc(1>2) BD- 
Glc(1*3)8DGIcNAcOR [the 4'-epimer of the H - Type 1 (Lewis- 
dad) determinant], oaLFuc(1>+2) 8DGal(1>4)BDGIcNAcOR (the H - 
Type 2 determinant) and aLFuc(1>2) 8DGlc(1>4) BDG1cNAcOR 
(the 4'-epimer of the H - Type 2 determinant) were synthe- 
sized where R is the 8 methoxycarbonyloctyl group, a con- 
venient linking arm for the preparation of artificial 
antigens and immunoadsorbents. The solution conformations 
of these compounds were established on the basis of their 
nuclear magnetic resonance parameters including ly and ie 
chemical shifts and nuclear Overhauser enhancements. The 
natural determinants and their 4'-epimers were shown to 
reside in essentially identical conformations. 

Rabbits were immunized with the artificial aa eae 
prepared from the Lewis-a, H - Type 1 (Lewis-d) and H - 
Type 2 haptens and, also, from their 4'-epimeric analogues. 
The antisera produced as a result of these immunizations 
were characterized primarily by the quantitative batch- 
immunoadsorption assay, a technique which involves the 
fractionation of antibodies on immunoadsorbents possessing 


carbohydrate structures related to that of the immunizing 


LV 


antigen. The result of these investigations require the 
anti-Lewis-a antibodies to be directed well away from the 
4" position of the antigenic determinant. The low levels 
of hapten-specific antibody produced against the natural 
H- determinants, compared with the excellent responses ob- 
tained against their 4'-epimeric analogues, appear to 
confirm the expectation that rabbits possess the H- 
structure as a self determinant. 

The H activity in saliva is normally established by 
examining the inhibition of the agglutination of human H 
red cells, which possess H - Type 2 determinants at their 
Suptaces byethe lectinellexeeuropaeuss;&£ Thetfanding ethat 
the H - Type Ll (Lewis-d) and Lewis-b (aLFuc(1>2) BDGal (173) - 
[aLFuc (1>4)]8DGIcNAcOR) structures in the N-deacetylated 
BermsSestuongly inhibit this agglutination raises the 
possibility that the Lewis-d and Lewis-b antigens are 


secreted with the determinants in the amine form. 
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CHAPTER I 


INTRODUCTION 


The discovery at the turn of this century by 
Landsteiner? of the ABO system was a turning point in the 
science of hematology and a matter of particular import- 
ance to blood-transfusion science. It was demonstrated 
that the serum of-a person of either A or B group aggluti- 
nated the red cells of the other group, and that the sera 
of O group people agglutinated cells of both A and B 
people. The cells of a fourth group of people, termed AB, 
were found to be agglutinated by the serum of both A and B 
people but the serum of these did not agglutinate either A 
Srebecet l= Agglutanation in vivo gives rise to serious 
pathological conditions referred nouns blood-transfusion 
reactions and can involve extensive lysis of red cells. 
Its avoidance by proper typing in the ABO system was a 
major step toward the modern situation where some 20 mil- 
Prowse res Oleb cod are collected, annually in the western 
developed countries for transfusion and typing purposes. 

With Landsteiner's discovery and the general growth 
since then of the chemical and biological sciences, the 
science of hematology rapidly grew to the point that over 


160 different human red-cell immunological specificities 


eb On 


are now recognized. At least 13 independent and well- 
defined blood-group systems are known and some 50 specifi- 
Cities are of clinical importance. At least 5 blood-group 
systems are known to possess oligosaccharide determinants 
and this list may grow since carbohydrates, as oligosac- 
charidic structures, offer a’-wide assortment of confor- 
mationally well-defined structures to serve as recognition 
Sites at cell surfaces. 

The ABO and Lewis systems are by far the best charac- 
terized of the human blood groups. These determinants are 
inherited according to the Mendelian genetic laws and 
arise as the result of the person possessing genes, which 
gives a code for the enzymes, which are necessary to build 
Phew orrgosaccharide determinants. 

Substances possessing these human blood-group activi- 
ties occur as oligosaccharides in milk and urine, as com- 
plex water-soluble glycoproteins in body secretions and 
tissue’ fluids ‘and'‘on ‘the “surfaces of’ cells and tissues, 
and in the form of water-insoluble glycosphingolipids 
mainly on the surface of red cells and tissues. It has only 
been in the last two decades that the structures of these 
molecules have become known in detail. A review of the 
extensive structure elucidation work that gave way to this 
knowledge is beyond the scope of this thesis and the read- 


: ' 2 
er is referred to the excellent reviews by Watkins. ae 
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The total structure of the oligosaccharide portion-of 
these substances varies depending on whether they are pre- 
SenimasceunewlreceOt goseccnariae, in the qlycolipid, or in 
the glycoprotein. However, when involved as antigens in 
an immune response, antibodies are developed which, at 
least in part, possess combining sites for the terminal 
non-reducing ends of these oligosaccharides. Since, for a 
given blood specificity, the terminal oligosaccharide 
structures are the same whether the antigen was a glyco- 
lipid or glycoprotein, antibodies raised against one of 
these structures may recognize the other. This terminal 
common structural unit is termed the antigenic determi- 
Nant; 1.e., thetstructure responsible for’ the particular 
active Ly edetected.. . 

The chemical structures of the antigenic determinants 
of the A, B and O active substances are presented in Fig. l. 
These tri- and tetrasaccharides provide the structures, in 
terms of their topographies, which are responsible for the 
biOeO-Group speciiacities. From-inspection of Fig. 1,.it 
can be seen that these antigenic determinants may possess 
ecner a-Type™leorslTypee2 Glankage:! “ThevType 1 structures 
are characterized by a §DGal(1>3) f8DG1cCNAc sequence at the 
reducing end of the oligosaccharide unit whereas the Type 2 


structures possess the BDGal(1?>4)BDGICcNAc sequence. 
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Spec TETCiry Structure 
Type 1 ; Type 2 
: ie pe 
O (H) BDGal —. B8DGIcNAc BDGal. ——__> EDGICNAc 
NAPE: Nyit® 4p 
aLFuc Lets aLFuc 
aDGalNAc aDGalNAc 
Peo) + chee Pie 7 
A SDC enc cNAC quell 2s ihe 
dg aPAM va 12 
aLFuc aLFuc 
aDGal wer GDGa'l 
Ley I ees 
Hepes es 
B BDGal ——. BDGICNAc BDGal ——» BDGICNAc 
ee bog teats 
aLFuc oLFuc 


Had. JgeelmmunolodicalbedetennimnanitshiortO(h) 7 as and 7B 
amtigens garn*The HiTyve birstructureycornesponds 


to the Led aevterminant. 
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It should be noted at this point that the O designa- 
tion for red cells that showed neither A nor B activity 
was adopted by Landsteiner to mean zero activity. With 
the discovery of the Bombay people’, it became apparent 
that lin fact’ the’ A Be cells and,. therefore, normally 
termed O cells in fact possess a specific antigenic deter- 
Minant not present on the red cells of the very rare 
Bombay types. This structure was eventually established” 
pombe: tha tatermeod gis GRypelmjttair rig. ikaag This): activity 
could be related to the Garmcati=> iapeed terminal unit and, 
consequently, it was natural enough to assume that the 
eee termedweH \(Pype? lL) @:showniain Fig. lr should beso 
designated; i.e., as an alternate H determinant. This 
Ppanien wasianc i naorcedmbyathe detects onvofiANor (Bractivi- 
ties derived from either H (Type 1) or H (Type 2) determi- 
nants as precursor structures’. However, the overall 
topographies of these latter two structures are not the 
same / and antibodies that recognize one of these structures 
will not necessarily recognize the other and this is well 
establishea®. 

Meanwhile, it became established that the H (Type 1) 
determinant corresponds to the structure responsible for 
Lewis-d activity” (Fig. 2). It seemed reasonable, at 
first peto texpectechat ehhe! cbfuchi@- 2) ebGall stransterase 


responsible for the synthesis of the H (Type 2) determinant 
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would be the same as that involved in the biosynthesis of 
the H (Type 1) determinant but such expectations did not 
take into consideration the very different environments 
apOurtetiewe. -Olmgnoups, OL) Che 6DGal units of the precursor 
Type 1 and Type 2 disaccharides’. 

One purpose of this research was to better investigate 
this and related matters by way of making available, 
through chemical synthesis, the molecular structures re- 
quired as substrates for appropriate immunological studies. 
As pointed out by Lemieux et Stee thiesiacté-=thatotheth 
(Type 1) and H (Type 2) determinants can both serve as 
substrates for the qaDGalNAc and aDGal transferases in the 
biosynthesis of the A and B determinants is not surprising. 
That is, their conformational studies indicate that the 
3'-OH groups of the gDGal residues im these trisaccharides 
must be in very near the same environments. A further 
purpose of this investigation was to better delineate this 
Structural similarity. 

In order to more efficiently deal with these subjects, 
the H (Type 1) determinant will be referred to as the 
Lewis-d (ies) determinant throughout this thesis. In view 
Opethis discussiom, the use of sHiwiklsbe restriactedsto 
reference to the HW (Type 2) .déterminant. Jicomay turn out 
that the, structures dastedyinvhigss lend 2earesall, to. a 


certain degree, only portions of the determinants they 


Spec Lucity, Structure 
‘ Cc Wh pes 
Lewis-c (Le ) BDGatlee—— = SS iG DG CNAC 
aLFuc 
Vales 4 
: a ies 
Lewis-a (Le ) BDGal ——. 8SDGl1cNAc 
: d Z yes 
Lewis-d (Le )* BDGal ——. BDGlcNAc 
2a 
aLFuc 
aLFuc 
ey Ape 
. b Lhe! 
Lewis-b (Le) BDGal ——. BDGICNAc 
a bee Pola i 
oaLFuc 


Pros 2 immuno logrcal»determrants forthe Lewis anti— 


gens “As seen in Fig. fneate. and H(Type 1) 


determinants are ‘the same structure. 
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represent. However, it seems best to reserve such consid- 
erations to the time that experimental evidence exists in 
support of this possible eventuality. 

This thesis will also examine certain aspects of the 
Lewis system of human blood-group specific antigens. These 
antigens are characteristic of epithelial cells from which 
Uney aber lransperceds by chesplasmato.thel endotheliawand 
thus also found in low concentration on the red cells. 

The structures of the Lewis antigenic determinants are 
presented in Fig. 2. These oligosaccharides all possess 
the Type 1 linkage. 

The establishment of these and other determinants as 
being either present or absent on red cells, tissues, etc., 
forms the basis of serology. The intrusion of synthetic 
carbohydrate chemists into the field of serology in recent 
years has been more a matter of necessity than one of 
curiosity. Blood-group typing work has been seriously 
hindered by the enormous difficulties encountered in ob- 
taining even milligram quantities of blood-group-specific 
active substances from natural sources. Even in the best 
of cases, these samples are usually heterogeneous mixtures 
of closely related and often cross-reacting compounds. 

The preparation of synthetic blood-group active oligosac- 
charides not only alleviates this problem but, and more 


importantly, offers the only solution to what the author 


fikesetoprefer to as the, "black box" problem which plagues 
the field of serology and related areas. This type of 
problem can best be illustrated by example. 

In the field of serology, a person is characterized 
as, for example, Lewis-a positive, not because he is shown 
to possess the trisaccharidic antigenic determinant BDGal- 
CaseijuosF uci -A)) SiG cNAce on bis. cellseor.tdssues but 
because antibodies which occured in the serum of a patient 
named Lewis were found to react with his cells or tissues. 
Indeed, the anti-Lewis-a activity of certain sera was dis- 
covered, in 1946, long before the structure of the antigen 
became known. A Lewis-a antigen is thus defined, clinic- 
ally, as a substance that reacts with an anti-Lewis-a 
serum and, for successful typing, there is no need to know 
the structure of the antigenic determinant that binds with 
the antibodies. The availability of well characterized 
and standardized antibodies specific for the Lewis-a anti- 
genic determinant is sufficient for reliable typing. 

Anti-Lewis-a antibodies can be obtained from the serum 
of animals immunized with "Lewis-a-active" substances such 
as red cells or saliva from individuals who have been 
designated as Lewis-a positive; i.e., people who possess 
on: their cells,, or in their saliva, the antigens xrespons- 
ible for the reaction with the anti-Lewis-a antibodies. 


Such sources contain, however, not only the Lewis-a 
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antigen but also a wide variety of other antigens such 
that the animal will synthesize not only the desired anti- 
bodies, but a myriad of others directed towards these ac- 
companying antigens. With luck, a source of Lewis-a-active 
glycoprotein may be obtained from a natural source such as 
Ovarian cysts. Even when highly purified, however, such 
glycoproteins are still heterogeneous structures which 
will elicit the production of correspondingly heterogene- 
ously-specific antibodies, directed against both the pro- 
tein and other antigenic determinants that may be present 
On its surface. The anti-serum derived from animals 
immunized with these "ideal-substances" will thus contain 
antibodies that react with unknown determinants that are 
SEO UicCim@e cial woewis-a speci PCLLY, 

If the red cells of a person possess one of these 
other antigenic determinants but not the Lewis-a 
trisaccharide, he could appear to be Lewis-a 
positive by ait anti-serum even though he is, in fact, 
Lewis-a negative. To purify such an anti-serum to the 
point of mono-specificity, one should ideally possess a 
substance that presents uniquely the Lewis-a determinant. 
But such substances, as discussed above, are generally 
not available from nature. Therefore, the practice has 


been to adsorb the serum with a range of appropriately 


wihemiseseisb ore i- 
a 


did 


chosen Lewis-a negative red cells to the point where inter- 
fering cross-reactive antibodies were effectively removed. 
This procedure, however, still leaves in the serum anti- 
bodies of unknown specificities whose antigens were not 
present on-the panel of cells chosen for the adsorptions. 
This situation can be termed a “black box" problem 
Since it is one of trying to identify an unknown 
antigen (a black box) with an antiserum whose specific- 
ities are themselves not fully characterized (another 
bracks box) 

An approach to the solution of these basic problems, 
as regards oligosaccharidic determinants, has been devel- 


10,11 Once the structune’ of 


oped in these laboratories. 
the antigenic determinant responsible LOm. certain, blood- 
group specificity — been determined (or postulated), 
this determinant is then prepared, as its 8-methoxycarbon- 
ylboctya, dGlycoside, through a multi-step synthesis. This 
oligosaccharidic glycoside is then a hapten; i.e., a low 
molecular weight compound that lacks antigenicity but is 
capable of reacting specifically with the appropriate 
antibody. The choice of this long-chain aliphatic aglycon 
was based on the need of such a structure to serve as a 
bridging arm for the preparation of immunoadsorbents and 


artificial.antigens... (The. preparationson artifiacral, anti- 


gens by attachment of the hapten to a suitable carrier 
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Big.) 5 )lllustration ob naturalwandesyntneric Le* active sub- 
stances: a, a glycosphingolipid hydrophobically bound 
to a cell-membrane lipid bilayer; b, a glycoprotein; 
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molecule allows the immunization of animals to raise anti- 
bodies specific to the carbohydrate determinant. The 
immunoadsorbent then allows the isolation of these anti- 
bodies from the animal serum. 

The potential of such an approach may be appreciated 
by referring’ to) Fig.) 3 where! the’ structures for the natural 
Lewis-a antigens, present as glycolipid at the surface of 
danedced loa )Mon Glycoprotein in secretions’ *(b), are il- 
fustrateda The. artiticral antigen “(c)-‘is’simply'a ‘chem= 
ist's approximation of the natural antigen. If the 
synthetic oligosaccharide is indeed identical to the anti- 
genic determinant in the natural antigen, it can be 
appreciated that the antibodies raised against the synthe- 
Bic (monospecific) antigen, and isolated by virtue of 
their affinity for the corresponding immunoadsorbent (d), 
should bind the antigenic determinants of the natural 
antigens. These antibodies are then specific for an exact 
and known chemical structure and thus allow the serologist 
to positively establish the presence, or absence, of this 
structure on a specimen under investigation. 

Aside from this and many other practical applications, 
the ability to prepare an essentially unlimited variety of 
synthetic haptens, antigens and immunoadsorbents allows 
for a more fundamental investigation into the nature of 


antibody-antigen interactions. 
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The research that will be reported in this thesis was 
initiated, essentially, as a result of the Sneeare Sine 
that antibodies raised, as just described, against the 
Lewis-b (LeP) anti bicialvantugen,. and .hence supposedly. 
specific for the ae tetrasaccharide, cross-reacted to a 
high degree with both the Lewis-a (Le*) and Lewis-d res 
EPrrseccharides mela Soesiguatlon may, be .rationalized .by..a 
consideration of the structures of these determinants 
(219 j22) in sthat -bothethe Le* and 22 trisaccharides are 
constituents of the ee tetrasaccharide. These area Ler 
antibodies could, in addition, be separated into three 
classes: those reacting with both the he and.Les deter- 
Minants, both the oa and en determinants, and only the 
hee determinant. 

PeEeWasmethusee leanalnat ssuch a"mono-specific" anti- 
bodies are a micro-heterogeneous mixture of different 
molecules each of which, while "specific" for the structure 
of the antigenic determinant to which it was raised, recog- 
nizes it in a different manner. This situation may be 
likened to that of an object being photographed from many 
dafferent angles... Each picture, while different) in,appear— 
ance, ¥still.identi£ies that.object.,.+In.the same manner, 


each separate antibody that reacts with a determinant de- 


fines asSeparateyspecaticuty for gthatedeterminant. 


tS 


One goal of the research reported in this thesis was 
to clarify the extent to which such hapten-specific anti- 
bodies might cross-react with similar structures. Such 
cross-reactivity might provide the basis for new methods 
for the fractionation and characterization of Neeerecen es 
ous antibody populations. In addition, information regard- 
ing the immunodominant parts of the determinants themselves 
might be gained which would allow some limits to be placed 
on the spectrum of potentially cross-reactive structures. 

The specificities of the antigenic determinants of the 
ieee Tes and H human blood-groups, and their corresponding 
antibodies, have been examined using this approach. 
Analogues of these trisaccharides possessing a D-glucose, 
instead of the natural D-galactose, residue were selected 
as synthetic objectives as it had long been appreciated 
that anti-8-D-galactopyranosyl antibodies bind a B-D-gluco- 
pyranosyl unit extremely weakly if at Shay Should the 
binding of the blood-group specific antibodies with the 
natural antigens involve any substantial binding of the 
8-D-Gal unit, the gluco-analogues of the determinants 
would therefore be expected to be very poor inhibitors. 

The stereochemical respresentations of the structures 
under consideration are shown in Fig. 4. Evidence that 


these trisaccharides assume, in solution, the conforma- 


tions as shown will be presented later. Comparison of the 
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Tes and H haptens, and their gluco-analogues: 4'-epi- 
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Lewis-a (eateciy 4'-epi-Lewis-d (e-Le’) and 4'-epi- 
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SGEMCUULe or Gi the. Naturatmenaptens (lL, 3-and 5) with 
those of their required gluco-analogues (2, 4 and 6) shows 
each pair to be epimeric at the 4' position. For brevity, 
compounds 2, 4 and 6 will be referred to here as 4'-epi- 
Lewis-a, 4'-epi-Lewis-d and 4'-epi-H, respectively; or 
Simply eoteg cae and @-H. “The Le~ ue and es oh hap- 
tens, antigens and immunoadsorbents had already been 
prepared in these laboratories. The syntheses of the 
Zcinee y este H and e-H haptens would then be required. 
Aside from the primary objective of providing 
haptens for the immunochemical studies, this synthetic 
work ne helped to provide some new insights into the 
mechanisms of glycosylation reactions. Some new synthe- 


tic methodologies have also been, introduced which should 


prove useful to other workers in this field. 
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CHAPTER 2. 


OLIGOSACCHARIDE SYNTHESIS 


A. General Synthetic Strategies 

The main difficulty in the synthesis of complex oli- 
gosaccharides is to achieve the establishment of the 
required glycosidic linkages in good yield. The problems 
of blocking and deblocking attendant to this work with 
multifunctional substrates is not trivial. Considerable 
Planning ts Tequired 3m terms of choice of blocking groups 
with regard to both a maintenance of the hydroxyl group to 
by glycosylated in as reactive a form as possible and the 
keeping of access to the positions to be glycosylated in 
the order necessary for overall success. 

Although a vast compendium of mesneds exists for the 
stereospecific glycosylation of simple alcohols, few of 
these have survived the transition to syntheses at the 
Oligosaccharide level. A synopsis of these "best methods" 
MoUCchehavespEOvedmLombesicenul anythe syntheses of .oligos 
saccharides related to the A, B, O(H) and Lewis blood 
groups in the past will be presented in this section. 

Much of the author's insight into the mechanisms of 
these glycosylation reactions was obtained as a result.of 


experiences encountered during the present research. A 
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discussion of the mechanisms of these reactions will, how- 
Sven eee OurcrcUsotmenosmpoint.w<4 lity asehoped. that, inethis 
Manner of presentation, the reader will acquire a clearer 
understanding of both the synthetic strategies that were 
used and the seemingly anomalous products obtained in some 
of the glycosylation reactions. 

The structures of the target haptens 2, 4, 5 and 6 
were presented in Fig. 4. The intersugar glycosidic bonds 
in these structures may be broadly classified as either 
1,2-trans-8 or 1,2-cis-a linkages: the cis and trans 
designations referring to the relative stereochemistry of 
O-1 and O-2. Different strategies are required for the 
formation of these two types of linkages. 

ii The 1,2-trans-8-glycosidic Linkage 


r 


a. The Koenigs-Knorr Reaction™?’1°'"7 


The Koenigs-Knorr reaction is by far the most commonly 
used method for the establishment of the glycosidic link- 
age. Although originally Perens as the reaction 
between an acetylated glycosyl halide and an alcohol in the 
presence of either silver carbonate or silver oxide, the 
Koenigs-Knorr reaction is now described more broadly as 


the condensation of an O-protected glycosyl halide and an 


alcohol in the presence of any halophilic heavy-metal ion. 
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The classical rene auonee may be illustrated by the 
condensation of acetobromoglucose and methanol, in the 
Presence OL *siiver *carbonate;, ‘to provide methyl) 2 ,3', 4, 6- 
EErraA-O-acety i-—@-D-glucopyranoside i(Scheme il)aeeiThe reac= 


tion, nowadays, is normally carried out in the presence 


Ofc OAc 
AcO 0. AcO 1@) 
a + 2CH30H + AgoC03 -———> 2 Rb Bate? beh) (CO2i+ 4,0 
AcO "3 
Br 


Scheme 1 


of a dessicant (either Drierite or molecular sieve) to 
remove the water formed by the neutralization of the 
hydrogen bromide. 

The greater thermodynamic stability of pyranose rings 
bearing electronegative substituents at the l-position in 
the axial orientation has been termed the anomeric ef- 
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fects Under tthe usual reac Gionetcoendutions Ficor tthe 


preparation of O-protected glycosyl halides, the more 
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stable %-anomers are obtained. The formation of the B£- 
glycosides in the Koenigs-Knorr reaction from such halides 
then proceeds with net inversion of anti ate tan at the 
anomeric center. The yields are generally moderate to good 
for primary alcohols but are often rather poor with secon- 
dary and more hindered alcohols. The reaction, as shown 
in Scheme 1, has consequently found little use in oligo- 
saccharide synthesis. An examination of the reasons for 
the failure of this reaction to produce glycosides of 
sterically-hindered or poorly nucleophilic alcohols will, 
however, provide the framework for an understanding of 
those modifications that have proved successful. 
Unfortunately, only fragmentary data concerning the 
mechanism of this reaction have SO far become avail- 


16,17 Particular difficulties arise in this area 


able. 
Owing to non-quantitative yields, the use of heterogeneous 
reaction conditions and, until recent years, insurmountable 
problems of quantitative analysis. These Shranice veel t 
the use of physical organic methods for studying the reac- 
ta0n 8 Ehoughy dual tative intLormation,, particularnmly, the 
identity of side-products, has, however, been obtained to 
allow the postulation of aedeeners. oO! 
Although the addition of silver salts was originally 
intended only for the purpose of keeping the reaction con- 


re. 2 , 16 
ditions neutral, the silver ions are now known (eeu Bieie Soke 
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promoters for the reaction. Owing to the heterogeneity of 
the system, the catalysis occurs on the phase interface and 
so the course of the reaction will depend on the size of 

the particles, the manner in which they were prepared, the 
Speco Of "Stirring ;wecc.= (the difficulties of standardization 
of all these factors sometimes render the results of these 
PenctVoilowdrericn te tOereproduce) ; 

The proposed fockeneewe” (Scheme 2) involves, in the 
first stage, a silver-ion assisted heterolysis of the C-1l 
to halogen bond and is consequently discussed in terms of 
an oe mechanism. In the few cases where the alcohol has 
been found to participate in the rate-determining step, 
this has been attributed to a "push-pull" mechanism (8). 
That only trans-glycosides are normally obtained in spite 
of the usual Seq mechanism has dram esque arse in terms of 
a direct reaction between the alcohol and the intimate ion- 
pair 9 where the a-Side is shielded. B8-Glycoside formation 
is likely to occur only when the alcohol can intercept 
either 8 or 9. When the alcohol is either present in too 
howsa concentration, or not. sufficiently nucleophilic to 
intervene at these stages, the ion pair separates to give 
the free glycosyl carbonium-ion 10, a matter which is 
facilitated by the participation of the lone-pair ‘electrons 
of the ring oxygen in charge stabilization. This carbonium 


ion then rapidly rearranges to the thermodynamically more 
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stable dioxolan-2-ylium ion ii, the trivially-named acetox- 
Omlunwe2on Athy; Pabti cipation .of, the Pee neors 1G 2-acetoxy 
group. Although many competing reaction pathways, notably 
involving proton elimination and the scavenging of water, 
are available to ambident cations such as 1l, theiy kinetic 


products with alcohols are known > ' 7° 


to be mainly ortho- 
esters (12). The reasons for the failure of the silver 
carbonate (or silver oxide) reaction to produce g-glyco- 
Sides from complex alcohols is that these are too unreac- 
tive to intercept the intermediates 8 or 9 and the reaction 
is diverted by way of the acetoxonium ion il. Aside from 
the products arising from its hydrolysis (13 and 14) 
(Drierite picks up water relatively slowly), 11 reacts 
predominantly to give the orthoester 12. IE Wie iene ee thi 
zation of hydrogen bromide is stl: See rapid and 
efficient, the orthoester accumulates as the Mae PERE. 


Indeed, orthoesters are often isolated in good yields.16 


It should be noted that S-glycoside formation in the 
Koenigs-Knorr reaction, as just described, is independent 
Of neighboring group participation, the participation resul- 
ting almost exclusively in orthoester formation. It will 
Not Dersurprisinoye then me LoOeeiiGe hattnesmoum Cattons (OL 
the Koenigs-Knorr reaction that have proved successful in 


the synthesis of complex oligosaccharides, where the 


= 
r 


ke . { —_— 
wo — - “a 
z 4 
. ah 2 
y GEL siTo! “d i Oe 
a P wh > t 
4 “wi + 
a 
P co 7 “ . 
; f 
r me - » 
‘e - 4 poh - 
i, r 
;4- ~y 4 r ‘ 5 
oar 
wis 
[itthfDs <4 TC 3 
: . » 4 ee ROR 
a 
mel 
be 
ani ‘ ° - — > ~~ - P f ‘ - 


- * 
a 9 a a ‘ is ‘ 
5 ee 


25 


saccharidic alcohols will be too unreactive to intercept 
intermediates like 8 or 9, are exactly those that maintain 
PiewucacC EP LOnmConditULOnec sulttLCiently acidic so as to render 


the orvnoesver JZ unstable and promote its further reaction. 


De The Helferich Reaction“ 

Hig) foul Beets ones of the published syntheses of ABO(H) 
and Lewis blood-group oligosaccharides, the establishment 
of the 1,2-trans-f-glycosidic linkage has involved the con- 
densation of a 2-O-acyl glycosyl halide with an.» alcohol in 
Speepeesenice,OoL HOGI) salts. Thais modification of the 
Koenigs-Knorr reaction, which employs mercuric cyanide and/ 
or mercuric bromide as promoters, has been termed the 
Helferich reaction. Overwhelming support that all these 
condensations proceed via the intermediacy of orthoesters 
has been obtained by Wallace and Schroeder , 23124125 

These investigators have examined, in detail, the 
course of the reaction of 2-O-acety1-3,4,6-tri-O-methyl-a- 
D-glucopyranosyl bromide (15) with cyclohexanol in the 
presence of mercuric cyanide as promoter.” A summary of 
their key results that are of concern to this discussion 
are presented in Fig. 5. 

The reaction was found“> sO) TebidenMenwe, ist veslislehunvenae rove 
kinetic dependence on the glycosyl bromide (15) and mercuric 
cyanide but was independent of the cyclohexanol concentrat- 


tion. “Letailed Kinetic studies and product analysis 
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OCH3 
CH30 0 
CH30: fe) 
AcO 1G 
OCH OH OCH, gs ig 
CH O ~HBr ICH, fe) poli) 
+ + Hg(CNlo ———> 
Ne CH30 
AcO 3 Ne 


mole ratios initial products (3%) final glycosidation 
products (%) 
cyclohexanol iss Hg (CN) 5 As Al Ak a7, Le 
30 : 1— 1 23 13 4 94 6 
PP. I Lies 1 36 60 4 93 i 
15 ; 1 es al 45 49 6 93 7 
Tas Lz: rf 53 el) 8 93 7 
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Fig. 5 Some results obtained by Wallace and Schroeder 


in their mechanistic investigation of the Helfer- 


TCheceacr.on-. 


al 


allowed the orthoester 16 to be identified as an important 
initial, product im the reaction. Even in the presence of 

a 30-fold molar excess of cyclohexanol, a relatively nucle- 
ophilic alcohol, the orthoester 16 accounted, fom 23% .of the 
initial condensation product (Fig. 5). Reducing the alco- 
hols concentration to .a.7.5 molar. excess resulted in.a 
progressive increase in orthoester formation to 53% of the 
ints aly products. 

Even in the case of cyclohexanol at a 7.5 molar excess 
concentration, the bulk of the B-glycoside isolated in the 
final product was derived from the orthester. Wallace and 
Schroeder~> could isolate the orthoester 16 in good yield 
when the reaction was performed in the presence of added 
mercuric oxide as buffer. This orthoester was then shown 
to rearrange TonPee tot Helferich conditions (Hg (CN). HBr) 
to provide mainly the $-glycoside Li. Formation of some 
2-O-deacetylated a and g~-glycosides, along with an equiva- 
lent amount of acetoxycyclohexane, was also observed. 

An extrapolation of these observations to the case of 
a disaccharide synthesis under the Teenie COnGuELOnor 
where a poorly nucleophilic alcohol is present only in 
neang stoichiometric econcentrationswith thewhalossucar must 
lead to the conclusion that orthoester formation will be by 
farathe ma jorsinitialsprocess,. ,The observed products will 


then be a function of the properties of this orthoester. 
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The establishment of orthoesters as initial products 
in these glycosylation reactions leaves open two approaches 
for the improvement of yields in the synthesis of 1,2-trans- 
B-glycopyranosides. One approach would be to design a 
glycosyl halide, with an acyl participating group at the 
2-position, whose orthoesters would be unstable relative to 
the dioxolan-2-ylium ion. The contribution of the ortho- 
ester to the overall reaction might then be insignificant. 
Such an approach using intramolecularly stabilized dioxolan- 
2-ylium ions, in the form of spiro-~-acylorthoesters, has 
been pursued during this Mecca che. o Although this in- 
ee aon yielded some new and highly labile compounds 
with interesting conformational properties, an improved 
glycosylation method WiseDOtumrealazed a oinceathe results 


26 are not pertinent to the immuno- 


of this investigation 
chemical aspect of this thesis, these are presented sepa- 
rately in the appendix. 

The remaining approach would be to learn how to con- 
trol the acid-catalyzed reactions of sugar 1,2-orthoesters. 


eae have examined the rearrange- 


Kochetkov and co-workers 
ment of orthoesters under a wide variety of conditions and 
found the course of the reactions to be highly sensitive 
to the nature of the catalyst and the solvent as well as 


the ~sugar.and ,the alcohol seine beste te ldssotsorthoeste rs 


B-glycoside transformation were achieved using either 
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mercuric bromide in nitromethane or lutidinium perchlorate 


in refluxing chlorobenzene.*/128 


With secondary saccharid- 
ic alcohols, the yields of 2'-O-acetyl-g-disaccharides were 
usually moderate (20-40%). Significant amounts of 2'-O- 
acetyl-a-disaccharide as well as de-O-acetylated q and 8 
disaccharides were frequently produced. Their most notable 
observation’® was that the orthoester>f-glycoside trans- 
formation generally occurs more rapidly, and in better 
yield, in the presence of added alcohol and thus, strictly 
speaking, the reaction is likely not a rearrangement but an 
intermolecular reaction. 

A small degree of order has been brought to this 
chaotic state of affairs by the recent work of Garegg and 


Auevanertan Cee 


These investigators examined the 
influence of the aglyconic alcohol on the course of the 
orthoester 'rearrangement'. Their findings of concern to 
this discussion are presented in Fig. 6. 

ELOMeFIQO.9 6, the mature Of the alcohol can be seen to 
be critical to the outcome of the reaction. Increasing the 
number of electronegative substituents on the methyl group 
of the aglyconic alcohol can be seen to result’ in the 
increased formation of the a-glycoside. This has been 
eee rede. in terms of a decreased basicity of the alco- 


holic oxygen atom in the orthoester (see later). Increased 


steric hinderance of the alcohol also affects the stereo- 
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The results obtained by Garegg and Kvarnstrom*?"29 
in various orthoester glycoside transformations. 
othe remaining products were the 2-O-deacetylated 


Ovandeep-glycasides- Prhe remaining products were 
not identified. 


30 


oa 
chemical outcome of the glycosylation as well as the yiela.?° 
Considering that saccharidic alcohols are not only highly 
hindered but also heavily substituted by electronegative 
oxygen atoms, it is not surprising COmcands chat such 
glycosylations are rather unpredictable reactions. The 
complexity of the situation may be further appreciated by 
referring to Scheme 3 where what the author considers to be 
the reasonable modes of reaction of sugar 1,2-orthoesters 
in the presence of an acidic catalyst (for simplicity, 
denoted by a proton) have been presented. This Scheme has 
deliberately been further simplified by the omission of 
counter-ions and solvent. It should be stressed that 
Scheme 3 encompasses only the 'productive' reactions and 
neteLne destructive, reactions, (proton eliminations, 
acetoxonium ion migrations, formation of anomeric cyanides, 
ilsonitriles, or cyanoalkylidene compounds when Hg (CN) is 
used) that will become important routes of reaction should 
all the 'productive' processes become too slow. 

With reference to Scheme 3, the production of g-glyco- 
Sides in either the Helferich or orthoester rearrangement 
reactions: should proceed via the dioxolan-2-ylium ion a. 
The frequent success of these reactions may be attributed 
to the relative stability and ease of formation of this 
species. The production ofa, however, requires atleast 


partial protonation of the exocyclic oxygen of the 
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orthoester, presumably via route A. Decreasing the basic- 
ity or accessibility of this oxygen, as shown by Garegg 


and ferernet vem ew 


results in an increase in the pro- 
duction of a-glycosides or deacetylation products which 
may be interpreted in terms of a competition by routes B 
and C- ~Whether 2-O-acyl-a-glycoside (d) formation proceeds 
Ehueugh thesginvermedtatessbeon Cars not }known,, Arconsider- 
erion Of thetexpectedyrelattvegstabilities;ofathe ions.a 
encsb ye coupLediwithetheshighs felfectiveyconcentration" .of 
poeec—OsdcCely eC uOupeingoewoudd leadjto Ehewexpectation 
fiat bewouldemore}rapidlysrearrange,to;)a. 

The production of acetylated alcohols and 2-O0-deacet- 
ylated products in near equal amounts can be rationalized 
in terms of either routes B or C and ayclearydastinction 
cannot be made. ener for these two routes has come 
mainly from Lemieux and Morgan >* who have investigated the 
reaction of 3,4,6-tri-O-acetyl-1,2-0-(alkyl orthoacetyl)- 
-a-D-glucopyranose in the presence of strong proton acids 
and alkanol. Using methylene chloride as solvent and p- 
EOLMenestilphonic acidmas catalyst j,alkyly3,4,6-ts1—-O-acetyl 
a and §-D-glucopyranosides were produced in 70% and 203% 
yields, respectively. The yield of alkyl acetate was near- 
byequantitative: Bethe reaction Of—l ,2Zyanhydrosugarse(e)., 
SUCH Gace das anhydride, >- with alcohols in the presence 
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Ob svacidecatalystsua Sealsouknown to,provide mixtures of 
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While it is clear that the intermediacy of orthoesters 
can explain the diversity of products obtained in glycosyl- 
ations performed under acidic Koenigs-Knorr conditions, it 
is perhaps less evident that these reactions do proceed al- 
most entirely via the orthoester. Two recent articles 
should clear up any remaining doubts and these are summar- 
ee Ost er Se) ano eo banOub and Bundle>> have found 
(Fig. 7) that while the reaction of peracetylated disaccha- 
ride bromides with silver triflate in the presence of a 
small excess of 2,4,6-collidine results only in the produc- 
tion of orthoester, the ste of tetramethylurea in place of 
collidine results almost exclusively in 8B-glycoside forma- 
tion. Furthermore, treatment of the orthoester obtained in 
SiescOlLlidine reaction with traflic acid-tetramethylurea 
complex resulted in its conversion to the 8-glycoside. When 
the tetramethylurea reaction was conducted at -20°C, the 
orthoester intermediate was observed by linmr. These dif- 
ferences in reaction can only be interpreted in terms of the 
pKa's of the conjugate acids of the bases involved in the 
reaction. Thus, the use of collidine suffers from the same 
problems as the use of silver carbonate in the original 
Koenigs-Knorr reaction: the reaction conditions are not 
sufficiently acidic to promote the orthoester rearrangement. 

Garegg and Norberg?° have recently proposed the use of 


perbenzoylated glycosyl halides as glycosylating agents. 
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Fig. 8 Some glycosylation reactions reported by Garegg 


and Nevborate. 


36 


a0 


After finding (Fig. 8) that the use of the silver triflate- 
tetramethylurea combination failed to Beouice any signifi- 
cant glycoside from 7 and 19, and more basic conditions 
(collidine) yielded only orthoester, they engaged the 
avconol 19 in the Koenigs-Knorr reaction with benzobromo- 
galactose (20) and obtained an excellent yield of 1,2-trans- 
B-glycoside. bniethemgqiv cosy lation with 21, the amount 

of collidine present proved critical to the outcome of the 
reaction; the orthoester mainly being formed under basic 
conditions and the §S-glycoside under acidic conditions. 

The high yields of 8-glycosides obtained in these 
glycosylations with the per-benzoylated bromide 20 are 
elleariy the result Gf the diversion*of the *orthoester re- 
arrangement to route A (Scheme 3) leading to the particu- 


larly stable 2-phenyl-dioxolan-2-ylium (benzoxonium) ion 
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22 (Scheme 4). The extra stability of this species should 
result in an increase in its rate of rormatton from the 

orthoester as compared to that for the 2-methyl-dioxolan-2- 
ylium (acetoxonium)ion. In further support of this conten- 


om that in the one 


tion, there is the report by Kochetkov 
case where the rearrangement of an orthoacetate and an 
orthobenzoate were directly compared (using HgBr. as Cata- 
lyst and 1,2,3,4-tetra-—O-acety1-8-D-glucopyranose as 
alcohol), the yield of B-linked disaccharide was almost 
twice as high with the benzoate (93%) as with the acetate 
(543). The implicit suggestion from the report of Garegg 
and Norberg?°® is that, at least in some cases, even colli- 


Ginium triflate is=sufficiently acidic to effect the 


orthobenzoate>B-glycoside transformation. 


OAc OH Hg(CN)o 


2 80% B-disaccharide 
H3C HC Oo Ce, ; CH3NO02 (1:1) 


OAc + OH tire ee rh tee acc naLice 
40% a-disaccharide 


Scheme 5 


j ; e 
b12 52328. GT « ' . 7 
| ee 

ay. ss ip“ 
ei. ‘ = oe _* ; i 
oor aa 
-4¢- 94 hepeaaoo an ctedaeotiiss 
1 o=t ‘ a 4 7 va - 
ny P «el “ 
4 i au ‘i ‘ KG alae = 7 
a 7 
org ¥ at exsd3.4 


Ay9magr8 Twa) ee svorw onal 


-_ 


v. oasoeoede id ¥ 
yi 


Sy) 


The general strategy for the formation of the 1,2-trans- 
B-glycosidic linkage is then conceptually simple and will 
involve the reaction of a 2-O-acyl glycosyl halide with the 
alcohol, in the presence of a halophile, under conditions 
sufficiently acidic to effect the orthoester rearrangement. 
The sensitivity of this rearrangement to steric, electronic 
and stereoelectronic effects can be fully appreciated by 
referring to Scheme 5 where some recent results obtained by 
Flowers” / are summarized. The main problem will involve the 
Optimization of the, reaction for the particular application 


at hand. 


Zus The 1,2-cis-a-glycosidic Linkage 


Gin The Halide-ion Catalyzed Reaction? 


The establishment of the 1,2-cis-a-glycosidic linkage 
Eovmerouedeneral, much more Straightforward. Untal very re- 
cently, the only method suited to the task was the halide- 
ion catalyzed a-glycosylation reaction developed by Lemieux 
and @o-workers.-° This method involves guiding the reaction 
between an appropriately blocked glycosyl halide and an al- 
cohol under solvolytic conditions by way of the g-halide to 
form the a-glycoside (Scheme 6). Because of the anomeric 
effect, B-halides are thermodynamically much less stable 


than their corresponding a-anomers and, therefore, exist in 


Verve Low COncentrattOnsinean COUMIIDriium mixture. The 
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success of this reaction is attributed? to the much great- 


er reactivity of the B-halide and the addition of added 
halide-ion, in the form of tetraalkylammonium halide, to 
ensure that a rapid equilibrium is established between the 
gvand 6 halides. ' The reaction may then, in accord with 
Hammett—-Curtin principles”’, be funnelled through the g- 
halide to the a-glycoside. 

The high reactivity of §-halides compared with their 
a-anomers is thought to be based on the stereoelectronic 
demands for the formation of reactive intermediates?®, As 
seen in Scheme 6, the formation of a-glycoside from a gly- 
cosyl halide and an alcohol under solvolytic conditions is 
expected tO proceed! byway) of Sonipairs tovalcohol triplets. 
The more rapid formation of a-glycoside is then attributed 
to a more ready decomposition of its precursor triplet than 
the triplet leading to 8-glycoside formation. This situa- 


38 on the basis that the devel- 


tion has been rationalized 
opment of the glycosidic bond requires, in the transition 
state, an antiperiplanar arrangement between a lone pair of 
electrons on the ring oxygen atom and the developing bond. 
In the case of $-glycoside formation, this would require 
the achievement of a high-energy boat-like transition state 
while for a-glycoside formation the transition state would 
lead directly to the less strained 10, chair conformation 
Gh the product. 
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The reaction usually employs perbenzylated glycosyl 
bromides as the glycosylating agents as the corresponding 
chlorides have proved to be inconveniently unreactive. >° 
The choice of benzyl as blocking group was made primarily 
on the basis of the requirement of a non-participating 
protecting group at the 2-position. It might be expected, 
in addition, that pyranose ring substituents more electro- 
negative than benzyloxy might retard both the a 2 
anomerization of the glycosyl bromide and, likely more im- 
portant, the alcoholysis of the f-bromide as these proceed 
through transition states with significant carbonium-ion 
dies and without heavy-metal promotion. The a- 
Givcosylaetion, Ofpmanwatcoholwre generally carried out an 
dichloromethane as solvent TietcnewolLescenCe OL tetracthy l— 
ammonium bromide, in an amount near-eguivalent to that of 
the glycosyl bromide, and either Hunig's Paeeee or molLecu— 
lar sieve AA to neutralize the hydrogen bromide that is 
produced. While these conditions frequently produce excel- 
lent yields of a-linked disaccharides, in more difficult 
cases the addition of dimethylformamide as co-solvent (ca. 
20% in dichloromethane) was found ~ €o significantly in= 
crease the yields as well as the reaction rate. Yields in 


the order of 60-90% are regularly achieved even with 


highly *conplex=Sacenarrarc alcohols: 


43 
be The Imidate Procedure +’? 
Recently a novel a-glycosylation reaction was developed 


by Sinay and co-workers.°*'*? 


This so-called ‘imidate proced- 
ure', which is illustrated by the abbreviated formulas in 
Scheme 7, bears a conceptual resemblance to the halide-ion 


reaction in that a-glycoside formation proceeds through a 
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Scheme 7 
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double inversion at the anomeric center. The reaction is, 
however, distinct from the halide-ion reaction in that the 
B-imidate 23 is prepared separately and isolated, and is used 
as the glycosylating agent. The mechanism of this a-glyco- 
sylation, as suggested by the authors, *4 involves the 


protonation of the B-imidate 23 to provide the reactive 
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iminium salt 24, followed by an She type of displacement by 


Ghevalcohno. to produce the a-qlycosidic product. 

If the case were this simple, the authors would indeed 
be hard-pressed to explain some of their own yamuniese 
(Scheme 8), since a mixture of imidate anomers (a:8 = 85:15) 


(produced from the f-imidate under essentially the same con- 


ditions as those for the glycosylation reaction) gave the 
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same yield and amomeric ratio of disaccharides as was ob- 
tained with the pure f-imidate. The suggestion that the 
reaction may actually be proceeding through the intermedi- 
acy of a glycosyl sulfonate, produced by thes reacuronvon 
the f-imidate 25 WEE eLnCe Slt boll Ce aClO, aio SmUceIiNemtLeL 
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25 and) 26; with p-toluenesulfonic acid as catalyst, are how- 
ever clearly at variance with those obtained by Schuerch*® 
when using the a-tosylate 27 in place of the imidate 25 


(Scheme 9). Schuerch has also aemeae 7! that glycosylations 


disaccharide a:B 
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performed with anomeric triflates, in place of tosylates, 
generally result in a decrease of stereospecificity in the 
reaction. A similar loss of specificity was observed by 
Sinay. and Heme Whe tiscanG sutiitlilcsacid, singplacesor 
p-toluenesulfonic acid, in the imidate procedure. 

A rationale for the beneficial effects observed = when 
using dimethylformamide (DMF) as a co-solvent in the halide- 
ion reaction may provide the common denominator to both of 


these a-glycosylation methods. A clue as to the role of 
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46 
the DMF in this reaction may be obtained from an article ’® 
wherein the formation of the O-formylated derivative of the 
alcohol undergoing glycosylation was observed. Pozsgay © 
reported that attempted condensation of hepta-O-acetyl-a- 
Diciatpilsiueraral bromide with benzyl 2,3,4-tri-O-benzy1l-B-D- 
glucopyranoside under halide-ion conditions (with DMF) pro- 
duced no trisaccharide derivative, even after two weeks. 
Instead, a 70% yield of benzyl 2,3, 4-tri-O-benzyl-6-0- 
formy1-8-D-glucopyranoside was formed. The formation of 
small amounts of O-formylated alcohols has also been ob- 
served, although infrequently, in these laboratories. This 
side reaction can only be rationalized as resulting from 
the.in situ formation of a reactive anomeric iminium salt 


28 which then acts, in some cases, as a Vilsmeyer-type 
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formylating agent (Scheme 10). It can be appreciated that 
there is really only a trivial difference, in terms of 
structure, between the iminium salts 28 and 24; chalabee vatige 
deed, these may be regarded, in the limit, as solvated 
glycosyl carbonium ions. 

It would seem most reasonable then to attribute the 
success of both the halide-ion reaction and the imidate 
procedure, as well as their various modifications, in the 
formation of the a-glycosidic linkage to the preferred rate 
of decomposition of the alcohol triplet leading to the a- 
glycoside (see Scheme 6); a situation which is favored for 
stereoelectronic reasons. The only real difference would 
then reside in the identity of the "X" part of the triplet 


(Scheme 11). There can be no doubt that the identity of 
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"X" will affect the energetics of the reaction profile in 
a manner leading to different rates of reaction and, con- 
ceivably, to a very different product ratio of anomeric 
glycosides. However, in the case of both the imidate and 
halide-ion reactions, the nearly exclusive formation of q- 
glycosides requires these reactions to be under, or near, 
Hammett-Curtin control. 

Be The Literature on Synthetic A, B, O(H) 

and Lewis-Active Oligosaccharides 

Although the methods available for the formation of the 
glycosidic linkage remain far from perfect, particularly as 
regards the B-linkage, they have nevertheless permitted the 
preparation of a large number of synthetic oligosaccharides 
related to the A, B, O(H) and Lewis blood-groups. In the 
following discussion, the synthesis of a given determinant 
will be considered as accomplished whether it was synthesized 
as a reducing oligosaccharide or as a glycoside of the oligo- 
saccharide. 

The preparation of the A trisaccharide [qDGalNAc(1+3)- 
[aLFuc (1>2)]8DGal] has been reported by Lemieux ~ and Davide. 
The B trisaccharide [{qDGal(1+3)[agLFuc(1+2)}8DGal] has been syn- 
thesized in the fiboretories of Lemieux) + sinaye. and Augé.>? 

The preparation of the A and B (Type 1) and Lewis oli- 


gosaccharides required the formation of the §DGal(1+3) gDGlc- 


NAc linkage. Fortunately, the 8-D-galactosylation of the 
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3-position of N-acetyl-D-glucosamine derivatives proceeds 
smoothly under a variety of conditions, hence the prepara- 
tions of these oligosaccharides presented no particular dif- 
ficulties. The synthesis of the Lewis-a trisaccharide 
[8DGal(1>3) [aLFuc(1>4)]8DG1cNAc] was first reported by 


LO oS 


Lemieux and later by Sinay.>? The Lewis-d trisaccha- 


ride [aLFuc(1>2) BDGal(1*3) BDG1cNAc] has been prepared in 


Saye ale 


the laboratories of both Demiteisees and Paulsen. The 


Lewis-b tetrasaccharide [aLFuc(1>2) 8BDGal(i-3) [aLFuc(1+4) J- 
BDGIcNAc] was prepared by Lemieux, Bundle and Baker. 1" A 

key intermediate used in the preparation of the Lewis-a, b 
and d oligosaccharides ’* is shown in Scheme 12. ‘The A and 
B (Type 1) tetrasaccharides [aDGalNAc(1+3) ]aLFuc(1+2) BDGal- 
(1+3) BDG1cNAc and aDGal(1+3) [aLFuc(1+2) ] BDGal (1+3) BDG1CcNAc] 


have been synthesized by Lemieux?’ and Paulsen. >’ >° 
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The stepwise synthesis of the Type 2 determinants 
required, as the first step, the preparation of a suitably 
protected N-acetyl-D-lactosamine derivative. The develop- 
ment of a practical synthesis of N-acetyl-D-lactosamine had, 
in itself, been a long-standing problem. Koenigs-Knorr 
condensations between 2,3,4,6-tetra-O-acetyl-q-D-galacto- 
pyranosyl bromide (33) and 2-acetamido-3,6-di-O-acetyl-2- 
deoxy-D-glucopyranose derivatives, the most accessible 
derivatives of N-acetyl-D-glucosamine having the 4-hydroxyl 
group free, proceeded very poorly? a. Good yields of 
B-1+4 linked products could only be realized when using 


60 or Mee antedro.- derivatives of N-acetyl-D- 


SYeuida baWe 
glucosamine. These problems were finally overcome by 
Sinay >” hel TE } ; 
What had until then been called "the lack of reactiv- 
ity of the 4-hydroxyl group" of 2-acetamido-2-deoxy-D- 
glucopyranose can now be attributed not to any inherent 
Jack of reactivity of Enisenyaroxy | group but to the nature 
for the protecting groups being used in the preparation of 
the alcohol which leads to the aglycon. Using benzyl 2- 
acetamido-3, 6-di-O-benzy1-2-deoxy-a-D-glucopyranoside (29a) 
as the alcohol and the orthoester 30 as the glycosylating 


agent, epee was able to prepare the N-acety1-D-lacto- 


samine derivative 32a, by the orthoester method, in 75% 
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yield (Scheme 13). The nature of the protecting groups in 
29 was later shown by Sinay?4 to, be criticaleto the outcome 
of the glycosylation reaction performed under Helferich 
conditions, using 33, as well (Scheme 13). This is, of 
course, not surprising since both glycosylations are ex- 
Peete scOppLocecd Vidas thes same Orthoester 31. Examination 
of Scheme 13 shows that the success of the glycosylation 
reaction is dependent on the use of an ethereal, rather 
Eliana acecy l,eprotecctingsgroup at the 3—position of 29 
and this well explains the earlier difficulties encountered 
in the preparation of N-acetyl-D-lactosamine. 

with the major problem of the establishment of the 
Type 2 linkage resolved, the way to the H trisaccharide 
was clear. The synthetic route followed by Sinay?* in the 
first reported synthesis of this compound is summarized in 
Scheme 14. The orthoester glycosylation method was again 
used for the establishment of the Type 2 linkage, but with 
the tri-O-benzyl orthoester 34, a mixture of the g (52%) 
and qa (12%) disaccharide derivatives 35 and 36 was obtained, 
demonstrating once more the sensitivity of the orthoester 
rearrangement. Condensation of 34 with the 3-O-allyl 


~~ 


derivative 29b also gave®? a Mixtiweroteea(38s)eand eg (lbs) 
1+4 linked disaccharide derivatives whereas only the g- 
linked product (77%) was detected when using the corres- 


ponding acetylated bromide 33. Deacetylation of 35 
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followed by a-L-fucosylation under halide-ion conditions 
provided the blocked trisaccharide derivative 37 (803) 
which was then deprotected to provide 38. The H tri- 
saccharide has since been prepared in several labora- 
tories, 03/057 66 

Finally, the syntheses of both the A and B (Type 2) 


tetrasaccharides have recently been reported®?’®®, 


Ga Synthesis of the Trisaccharide Haptens. 


i 8-Methoxycarbonyloctyl 2-acetamido-2-deoxy-4-0- 


(a-L-fucopyranosy1) -3-O- (8-D-glucopyranosy1) -B- 
D-glucopyranoside (2). The 4'-epi-Lewis-a Hapten. 

The synthesis of the e-Le® hapten followed essentially 
the procedure outlined by Lemieux, Bundle and Baers) for 
their preparation of the tes Haren The overall synthetic 
scheme is summarized in Scheme 15. 

The starting material for the preparation of 2 was 
8-methoxycarbonyloctyl 2-acetamido-4, 6-O-benzylidene-2- 
Bec ponealucopycanosi tees (39) which was in ready supply 
in these laboratories. Condensation of 39 Wale 2p ge 


tetra-O-acetyl-a-D-glucopyranosyl bromide®! 


(7) under 
Helferich conditions gave the B-linked product 40 in 77% 
yield. The anomeric configuration of the newly established 


glycosidic linkage in 40 was determined on the basis of its 
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Lnmr spectrum which is presented in Fig. 9. 

The signals for the anomeric protons in 40 were expec- 
ted in the region 4.5 - 5.0 ppm, along with those for H-2', 
H-3* >and H-4*. It has consistently been observed, in the 
course of these danmr investigations, that protons bound 
to carbon atoms bearing acetoxy groups have substantially 
longer longitudinal relaxation times (T,'s) than those 
bound to carbon atoms bearing alkoxy substituents. This 
observation provides a ready means for simplifying the area 
of a spectrum where both these types of protons provide 
their signals. The ‘anomeric region' in the spectrum of 
40 presents just such a case. 

Using a delay time of t = 0.30 sec. in the irradiation 
Purse@sequence:!30°—-7-90-,5this region Of the spectrum sim- 
Disited LO Liecrextent tnat, H-2 "4 H-3' and H-42 = (of jthe 
peracetylated glucosyl residue) appeared as the only signals 
of negative intensity while the H-3 resonance had decayed 
EGenear zero intensity a(Fig. 9c)* iThe two anomeric doublets 
were now Clearly visible as positive signals wena magni- 


tude of their coupling constants (J S Omit z) 


Te 2k oe 
requirea’® bothealycosidice linkages slOsnavemtnerp. cOne1guL— 
ation. The assignment of the lower field doublet to H-l 


was made in the following manner. Irradiation of the NH 


doublet of the acetamido group (6 5.94) resulted in the 


collapse Of =the complex ™signal at76793.02 to a doublet 
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of doublets which must therefore be H-2. Irradiation of 
thtsesigndlyein turn, an the partially relaxed spectrum 

‘eee 40 resulted in the collapse of the anomeric doublet at 
Gon ei Loma ssing lent (hig. 9d), thereby allowing gits assign- 
ment as H-l. The higher field anomeric doublet would 
therefore be H-l1'. 

Removal of the benzylidene protecting group of 40 by 
mild acid hydrolysis provided the diol 41. 

The next step in the synthesis required the specific 
protection of the 6-hydroxyl OLOUDEOL 4l. In the synthe- 
sis of the Le® trisaccharide Goris: N-acetylimidazole was 
found to be an effective acetylating agent in this regard. 
For simplicity, however, 41 was acetylated uSing a 10% 
Mode kn cCsomOlraCe ly CHrOLtde: and pyridines, dichloro— 


methane at ~78 °c? 


providing a near quantitative yield of 
the 6, 2',3',4',6'-pentaacetate 42. 

The position of the free hydroxyl group in 42 could 
be readily determined from its dimmer spectrum (Fig. 10) 
recorded using DMSO-d. as solvent. Since proton exchange 
is slow in” this solvent, /° the hydroxyl group proton will 
remain coupled to its y-proton(s). The appearance of the 
hydroxyl proton as a doublet in the spectrum of 42 (Figs 10) 
required it to be vicinally coupled to one proton only. 


The unlikely possibility that acetylation had occurred at 


the 4-position could therefore be discounted since the 
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resulting primary hydroxyl group would have been coupled 

LOS Chest wOenlsows..  rracimuLonrol thie Nyaroxy. group proton 
GG-"49567) "in the tspectrum of 42 also collapsed the complex 
Signal for H-4 (6 3.22) to a well-resolved triplet (Fig. 
10c). The usefulness of partially relaxed spectra is again 
demonstrated in Fig. 10d. Thus, while one of the signals 
for the anomeric protons of 42 is completely buried in the 
normal spectrum, the signals for H-2', H-3' and H-4' have 
virtually vanished in the partially relaxed spectrum leav- 
mg this signal clearly visible “ats ‘4.86. 

Halide-ion catalysis for a-glycopyranoside formation 
was employed to establish the a-L-fucopyranosyl linkage in 
the blocked trisaccharide 44, The ¥éaction of 42 with 
Boye Lr Obey oh ucopyranosy 1 bromide /+ (43) was 
performed in the presence of tetraethylammonium bromide to 
ensure rapid equilibration of 43 with its f-anomer since 
the halide ion catalyzed formation of the a-glycosidic bond 
is dependent on the more rapid reaction of the §-bromide 
with the pa cohouee Although the reaction was slow (6 
days) and required a large excess of 43, it provided an 
essentially quantitative yield of 44. The Ty and 13 nmr 
spectra of 44 required the presence of a single anomer al- 
though, at this stage, the anomeric configuration of the 


fucosyl group could not be unequivocally established. 


Compound 44 was deacetylated and the product directly 
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debenzylated to provide the title trisaccharide. 

The aE and 13 enmr spectral parameters for the ek 
trisaccharide (2) are presented in Tables 1 and 2 (Chapter 
See cCOUDIIngeconsctant OL 326 Hz. for H-l' (Table 2) in 2 
requires®® the L-fucopyranosyl group to be present in the 
a-configuration, as expected. 

The known proneness of acetyl groups to migration - 
Toarsea the possibility chat fLucosylation of 42. may have 
been preceeded by acetyl migration from the 6 to the 4- 
position under the predominantly basic conditions of the 
halide-ion reaction. As Lemieux and Drigquez:: POLIGOUL, 
ac is well establishea’* that the hydroxymethyl-group car- 
bons of hexopyranosides provide their eicomr Signals in the 
region 60 to 63 ppm downfield from tetramethylsilane with 
deuterium oxide as solvent. Glycosylation of these hydrox- 
yl groups causes a deshielding of 7 to 10 ppm of the cor- 
responding carbons. Inspection of Table 2 shows the signals 
of the two hydroxymethyl carbons to be in this region, with 
Ciemsignaleror C=o.at.o0.58 ppm. They possibility that 


acetyl migration and subsequent 6-O-fucosylation had 


occurred could therefore be rejected. 
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Pi 8-Methoxycarbonyloctyl 2-Acetamido-2-deoxy-3-0- 
[2-O- (a-L-fucopyranosyl) -8-D-glucopyranosyl]-8- 


D-glucopyranoside (4). The 4'-epi-Lewis-d Hapten. 


The salient features of the route chosen by Lemieux 
and Borer for the synthesis of the we hapten (3) are 
shown in Scheme 16. Experimental procedures, in addition 
to those presented in the patent, were available. 
Their strategy required the preparation of a suitably pro- 
tected key intermediate, the galactosyl bromide 47, having 
a participating group at the 2-position that could be selec- 
tively removed after establishment of the 8-glycosidic link- 
age in 48. Subsequent bromide-ion catalyzed a-L-fucosylation 
of the resulting alcohol, followed by deprotection, afforded 
the es trisaccharide. eee onen ey ester was chosen 
as participating-protecting group in 47 in the hopes that 
46 would be an easily purifiable crystalline compound. This, 
indeed, proved to be the case. Compound 46, in eturn, was 
prepared by the sequential acid and base catalyzed hydroly- 
sis of 45, followed by p-nitrobenzoylation of the resulting 
aLol. 

Following this general strategy, the first step in the 
synthesis of 4 was the preparation of the gluco-analogue of 
45; namely ,!) 3,4,6—-tri-O-benzyl-1,2,0-—[l-ethoxyethylidene] — 


a-D-glucopyranose (50). This compound was produced in 84% 
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yield by deacetylation and benzylation of the readily acces- 
sible 3,4,6-tri-O-acetyl-1, 2-0-[l-ethoxyethylidene]-a-D-glu- 
copyranose. /4 

Rather than paralleling the sequence of reactions shown 
in Scheme 16, it seemed desirable to establish a method for 
the direct conversion of 50 to the 2-O-acetylglucosyl hal- 
ide, thus eliminating four steps in the overall synthesis. 
Several transformations of this type have been reported, the 
most useful of which seemed to be the reaction of the 1,2- 
O-alkoxyethylidene group with trimethylsilylchloride. ’? 
Trans-acetoxy-chlorides were produced in excellent yields. 
Glycopyranosyl chlorides, however, are known to exhibit low 
reactivity,?/ notably in the Helferich reaction. The use 
of trimethylsilyl bromide for the equivalent transformat- 
ion/® was considered but its potential ability for the 


ve led to the rejection of its 


dealkylation of benzyl ethers 
usage. Both hydrogen Eiern doce and hydrogen bromide/? have 
been used to effect this transformation on peracetylated 
1,2-orthoesters. When 50 was allowed to react with hydrogen 
bromide in dichloromethane at -35°, however, an intractable 
mixture of compounds was produced. 

It could be expected that the orthoester 50 would 
be subject to ready acetolysis. A Repreree, oS anblace, 


existed where an orthoester to halide transformation 


was affected by both acetyl bromide and acetyl 
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chloride. With acetyl bromide as acetolyzing agent, the 
course of reaction shown in Fig. 11 might be anticipated. 
The first step would lead to the formation of ethyl acetate 
and the resonance-stabilized dioxolan-2-ylium ion pair 5l. 
Collapse of this ion pair would be expected to lead to the 
8-bromide 52 which, in the presence of bromide ion, should 
anomerize to the a-bromide 53. 

These expectations were borne out in all respects. 
The course of the reaction of 50 with acetyl bromide could 
be most conveniently followed by performing the reaction 
GEcectlvelimean nme DLObe.s vAddI tion of acetyl. bromide (3 
equivalents) to 50 dissolved in dry cD,Cl. resulted in the 
rapid consumption of the orthoester, as evidenced by the 
decrease in the intensity of the signal fLOnertsamethy 1 
Group at Cole o2? This Signal had essentially disappeared 
after 20 minutes. After only 2 minutes, a new and readily 


observable doublet (J mo Oetiz meat o>. 50 became apparent, 


Bbw 
whose intensity at first increased sharply with time and 
later fell back to zero. This doublet has been assigned to 
H-1 of the g-bromide 52. Unstable g-bromides have previ- 
ously been aeroperese” and were found to rapidly equili- 
brate with the more stable a anomers. After 13 minutes, 


another doublet (J = 420.67.) eStaGled 4LOcappecaGeact woo. 63 


Bl 


and increased in intensity throughout the remainder of the 


reaction. This signal has been assigned to H-1 of the 
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CD,C! Bno 
: 22 Bno 0 
+ CH3COBr 
+ CH.COOEt 
wan 2 He 
0. @ £O ) 
CH, «51 
It (a) 
6 OBn 
Bro BnO 9 
CR Bn0: Br 
oy sme AcO 
Br 52 


40 


30 
Time (min) 


The reaction of the orthester 50 with acetyl bromide: 
anticipated”course of reaction; b, kinetics of 


TiemmoLlemcractions 


a, 
Che. neaGci Oneate 40° Gain cbCl.. 
Of 50752 vandmos were calculatederrom the ,relative 
intensities of their characteristic signals in the 


EL 


60 MHz “Hnmr spectrum of the reacting mixture. 
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a-bromide 53. The changes in the intensities of these sig- 
DoeLsewicimecimemtoesnOwm tiebig. lls Lt is clear from Fig. 
11 that the reaction of 50 with acetyl bromide leads initi- 
ally to the formation of the g-bromide 52 which, subsequent- 
ly, anomerizes at a slower rate to the g-bromide 53. The 
dinmr Orpethe crude product isolated after 90-mins. of 
reaction confirmed the formation of 53 in approximately 90% 
yield. 

For preparative purposes, the reaction was modified 
Slightly. It was decided to add tetraethylammonium bromide 
to ensure the rapid anomerization of the 8-bromide, thus 
eliminating the potentially troublesome hydrolysis of this 
reactive species during aqueous work-up. Molecular sieve 
4a was also included, not only to ensure near anhydrous 
conditions in the ae ae scale reaction, but also to absorb 
the hydrogen bromide that would inevitably be present eith- 
er in the acetyl bromide or as a result of its hydrolysis 
by traces of water in the reaction mixture. Hydrogen bro- 
mide is well Eerie for its ability to debenzylate benzyl 
ethers in carbohydrate chemistry, particularly at tempera- 
tures as elevated as 25°C. In this manner, 53 could be 
isolated in essentially quantitative yield after reaction 
for 1 hour at room temperature. 

The remaining steps in the preparation of 4 are summar- 


~ 


ized in Scheme 17. Condensation of 39 and 53 provided the 
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Hg(CN) Bn = fe) 0 . 


stg, Be ? ° O(CH2)gCO0Me 
ae oe CgHg: CH3NO2 BnO ae 
OAc 
54 
Meo? 
rin 
OBn 
Bn 0 9 : ; 
o~ (CH2)gCOOMe 43 OBn Ph O i 
ne NHAc ~— BnO te) 
"halide-ion™ BnO 0 O(CH2)},COOMe 
0 56 ‘ OH NHAc 
OBn 55 
OBn pe 
BnO 
H»/Pd 
fP Scheme 17 
4 
TZ 


B-linked . product 34 in 57% yield. The anomeric configura- 
tion of the giuicosidic VTinkage- in 34 could be assigned on 
the basis of its tanMe spectrum,' presented in Fig. 12. 

The ~anomeric™region, in thrs spectrum is partially 
obscured by the complex AB signal patterns of the benzyl 
groups in 54. The assignment of the doublet (Jy 9 Oi.) 
ates. 20) tO H-) was) straightforward) fol lowingmthe selective 
decoupling of the NH and H-2 protons as previously des- 
Gribed.) Sinces thes? —hvydroxy group of 34 was protected as 


its acetate, it could be expected that H-2' would have a 


substantially longer Ty than the other protons providing 
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their signals in this region. Indeed, the partially relaxed 
spectrum of 34 (Fig. 12c) showed only one negative signal 
(O49 3,7°C; Jus ios * Jor 3) = 8.5 Hz) which could therefore 
be assigned to H-2'. By comparison of the normal and par- 
tially relaxed spectra shown in Fig. 12, it is apparent 
that there can also be smaller but useful difference in 
T,'s between the anomeric and benzylic protons. The sig- 
nals corresponding to 4 of the 6 benzylic protons have 
virtually been eliminated in the partially relaxed spectrum 
allowing the doublet at 64.64 to be assigned to H-1l'. Ir- 
raciation . of H-2' caused the collapse of this signal toa 
Singlet. 

Deacetylation of 24 provided 55. The o-L-fucosylation 
of 55 DLOvedsedimnr cull to monitor by TLC and the reaction 
was interrupted after 41 hours. Column chromatography per- 
mitted the isolation of unreacted 55 (38%) and the blocked 
trisaccharide derivative 36 in 37% yield. No attempt was 
made to improve the yield of this reaction. Hydrogenolysis 
of the benzylidene and benzyl protecting groups in 56 PLO 
vided the Sates trisaccharide 4. 

The as and 13 ¢nmr spectral parameters for the sane” 
trisaccharide (4) are presented in Tables 1 and 2, respec-— 


tively (Chapter 3). These parameters were in accord with 


the assigned structure. 
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Sie, 8-Methoxycarbonyloctyl 2-Acetamido-2-deoxy-4-0- 


[2-O-(a-L-fucopyranosy1) -8-D-galactopyranosyl]- 
B-D-glucopyranoside (2). The H Hapten. 


At the time when this project was undertaken, the re- 
ducing form of the H-trisaccharide had already been prepared 
by Jacquinet and Sinay**. Digwdosclear Lom ciel Carlier 
work’ 4 on the synthesis of N-acetyl—D-lactosamine that good 
yields of 81-4 linked disaccharides could only be obtained 
when the 3-position of 2-acetamido-2-deoxy-D-glucopyrano- 
Sides was blocked by an ethereal protecting group (recall 
Scheme 13). Indeed, all the published syntheses of the 
Type 2 linkage have since employed benzyl 2-acetamido-3,6- 
di-0O-benzy1-2-deoxy-a-D-glucopyranoside (29a) as the agly- 
conic alcohol. Although success’ was virtually assured with 
the use of a glucosamine derivative protected in this man- 
ner, there was judged to be a pressing need for an ethereal 
protecting group that, unlike the benzyl or allyl groups, 
could be attached under near neutral conditions. Sucha 
DiGckinosOLOupewouldealtlowethe protectionwob partially 
acylated substrates without the prospect of deacylation or 
aCyl=Oroup migration. This protecting groups wouldipespar— 
BlLcularlyvabtracrave .) me becOouldebesrenovyedmunde meLne sydLO— 
genolytic conditions used for debenzylation and, ideally, 


this group might be selectively removed in the presence of 


benzyl ethers. To be compatible with the established 
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blocking/deblocking methodologies being used in oligo- 
saccharide synthesis, this protecting group should, in 
addition, be stable to mildly acidic conditions such as 
those required for the hydrolysis of the benzylidene group. 
The only alcohol protecting group that was likely to 
meet these rather stringent requirements seemed to be the 
benzyloxymethyl group which had been in use in the labora- 


tories of Stork? and later Sedan ce tineaddatbaons to, the 


methods already described: for the introduction and removal 


Slanpchiseprecectang groupe (Schemes 18); othereconditions*that 


ie ss 1 
0) Cc + ROH Hunig’s base . een. 
-HCI 


Ho /Pa or Na/NH3 
ROH 


Scheme 18 


could effect these same transformations could easily be 
envisaged. Following the work by Corey>" on the selective 


cleavage of the methoxyethoxymethyl ether protecting group, 
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it might be expected that Lewis-acidic conditions could be 
found that would selectively remove the benzyloxymethyl 
group in the presence of benzyl ethers. Indeed, such con- 


ditions (TiCL,/CH,Cl 25°, 5 min.) have now been estab- 


>! 
lished in these laboratories. °> 

The first objective in the synthesis of 5 was then 
the preparation of 8-methoxycarbonyloctyl 2-acetamido-3,6- 
di-O-benzyloxymethy1-2-deoxy-8-D-glucopyranoside (60). 
Unlike the benzyl or allyl ethers, the benzyloxymethyl 
ether is expected to have certain distinct conformational 
preferences, notably about the acetal linkage. As a con- 
sequence of the anomeric effect, the allowed conformations 
for the benzyloxymethyl grouping are strongly limited to 


those in which a lone-pair of electrons on each of the 


Oxygen atoms iS antiperiplanar to a C-O bond in the acetal 
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linkage. There should, however, be free rotation about the 
CSO 3 SOONG. 111 60 and it was apparent from the inspection 
of a molecular model that the benzyloxymethyl group could 
easily adopt a conformation, such as that shown in Scheme 
19, where this grouping was well removed from the 4-hydroxyl 
group which was to be glycosylated. These same considera- 
tions also extend to the 6-O-benzyloxymethyl group of 60. 
It was thus hoped that, as was the case for the benzyl and 
allyl ethers, the presence of a benzyloxymethyl group at 
the 3-position of 60 would not sterically interfere with 
the glycosylation of the 4-hydroxyl group. 

The synthetic route selected for the preparation ope 


60 is shown in Scheme 20. 
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Scheme 20 


{is 


Reaction of 39 with benzyl chloromethyl ether, °° in 


the presence of an excess of the hindered base, 2,6-lutidine, 
in acetonitrile at 80°C overnight provided the 3-O-benzyl- 
oxymethyl derivative 37 as a crystalline compound in 79% 
yield. Hydrogenolysis of a sample of 57, athithis esitage,., in 
the presence of 10% palladium on carbon provided the 

knowns © 8-methoxycarbonyloctyl 2-acetamido-2-deoxy-g-D- 
glucopyranoside 58 insoquanta tative wield ,-ithuswconfirming 
that this protecting group could be removed under the stan- 
dard conditions for both debenzylidenation and debenzyla- 
Pion Compound 58 was identified by comparison with an 
authentic sample. 

The benzylidene group of 37 could be selectively re- 
moved by acid hydrolysis uSing an aqueous acetic acid- 
dioxane mixture and provided, after chromatography, an 803% 
yield of the diol 39. Even these mild Peder nen oucte rh 
resulted in significant cleavage of the benzyloxymethyl 
Group) as7y apel 2% woeldyot 98 was-also isolated from the col- 
umn. Nevertheless, this procedure did provide a useful 
yield of 59, and no attempt was therefore made to find con- 
di tionsethatewoud-dieamprove: on) the jisclectivaty omithemhydrol— 
ysis reaction. 

It could be anticipated that benzyloxymethylation of 
the diol 59 would tend to favor the primary 6-position 


rather than the much more hindered 4-position. Indeed, 
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reaction of 59 with a 10% molar excess of benzyl chloro- 
methyl ether gave a crude product whose thin layer chromat- 
Oogram was consistent with the presence of unreacted 59 and 
the formation of only one new compound. The 13 6nmr spectrum 
of this material clearly established the position of alkyla- 
tion. A 4.33 ppm downfield displacement of the signal from 
Che Of 60, when compared to that of 59, requirea/? the 
benzyloxymethylation to have occurred at this position. 
Crystallization from aqueous ethanol provided pure 60 in 

61% yield. An additional 9% could be obtained by chroma- 
tography of the mother liquor. 

With a supply of the alcohol 60 in hand, attention was 
turned to its §-D-galactosylation. The good yields repor- 
ted°? in the glycosylation Of 29a under Helferich conditions 
suggested the use of this method. A supply of 3,4,6-tri-O- 
benzyl-1,2-di-O0-p-nitrobenzoyl-a, 8-D-galactopyranose (46) 
was available and, as the corresponding bromide 47 had 
proved to be a successful glycosylating agent in the synthe- 
Sis of the Les haptens. it was converted to 47 by reaction 
with hydrogen bromide in Ech or ome thane ma 

Attempted condensation of uo and 60 under Helferich 
conditions, however, gave no detectable disaccharide prod- 
uct. It was suspected that the p-nitrobenzoyl group might 


be responsible for the poor reactivity of 47, but the .reac— 


tion of the corresponding peracetylated galactosyl bromide 
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33 with 60 under the same conditions again failed to pro- 
vide any detectable disaccharide product. Evidently, the 
required orthoester rearrangement was being adversely af- 
fected by the benzyloxymethyl groups and different acidic 
conditions were required for success. 

Following its initial use by Kronzer and Sehuerch’’ 


DD ANGE Chatysriver tritluorometh— 


it has been demonstrated 
anesulfonate (triflate), in conjunction with an appropriate 
proton acceptor, is an excellent promotor of glycosylation 
between alcohols and glycosyl halides. When the conden- 
sation of 47 and 60 was conducted under the conditions of 
Hanessian and Banoub; -~ uSing tetramethylurea as proton 
BCcepeOL, an approximately 60% yield of a*mixture of 
Greaecidtadesdcrivatives was Obtained. ~The desired g-— 
linked product 61 focnene 21) was isolated in 36% yield. 
The g-galactosyl configuration could be assigned to 61 on 
the basis of its Amr spectrum where the signal for 

H-2' appeared as a doublet of doublets (Jas os = 8.0 Hz, 
Joe 3: =O > iZ)Pategotoo.) etlhe Other disaccharide product 
could be isolated in 21% yield (based on 60) after denitro- 
benzoylation and chromatography. The small coupling con- 
Seant (3 5m Z)eLOund COmatiesanOmerl GupLoconsOLetie 
galactosyl unit in the apn spectrum of this compound 


allowed its identification as the g-linked disaccharide 


derivative. Removal of the p-nitrobenzyl ester in 61 


~~ 


122 : 
~~ ~e = as 
lé io) a oS * 
7 ” 
- Pha ie = & 
, te 
a A < 
rs = “% -~ «?F 
* y 
‘ + ’ 7 
. oe 
4 i 
+ “4 
d f 
q | 
a 
, ’ ‘* ¥] 
; 
f P 
is igi s . £ 
; 


/y 


= ~~ 
— f 
te¥0T: 
& =e - 
a ’ 
mM . 
é F ig 
—— { r . ; 
- Par - 
pes 
i} ' od ° 
; ‘ - bed ? 
~ 
. i 3 


. weetiw Coytnece inom ep? SoS: ae 
' oa ' a - LHe \Byo ws ziS6 


u 2] ; wt! wee ib 35°22 ‘ob 6s te BoutA seas 


= : : te! lds 


53 sroai 8 


anise 


4 
a or 
yee 


Bn OBn 


xi NHAc 
fe) 


OICH2IgCOOCH3 
BnO (e) 


BO Q 080 


61 R= p-nitrobenzoy! 


Ag0S0,CF3 | 
6 = 
47 +60 = ceeotecal 
a . 
ANS ,CH2Cly ¥: 
0 
BnO OBn 
fe) 
BnO 
; 
eee ts 
: NHAc 
Br 


"halide -ion” 


62+ eS 63 (22%) 64 (44%) 


OBn 
BnO 
Ac0 /CH30H 


Scheme 21 


—— nnn 


78 


qf) 


provided the alcohol 62. 

The q-L-fucosylation of 62, under the halide-ion con- 
ditions, proved to be the most entertaining of the react- 
tions carried out during the course of this work. Reaction 
of 62 with the fucosyl bromide (43) (2.6 equivalents) was 
very rapid, as evidenced by TLC, with all the starting alcohol 
having been consumed within 2 hours. The formation of a 
Major product (Rf 0.30 in n-hexane-ethyl acetate, 2:1), in 
addition to several other minor products with both greater 
and lesser chromatographic mobilities, was indicated. Af- 
ter 26 hours (the TLC had remained essentially unchanged) 
the mixture was worked-up and purified by column chromatog- 
raphy on Silica gel using the same solvent system. All the 
components visualized on the thin-layer chromatogram 
appeared in the eluate except that of Rf 0.30. Furthermore, 
none of these minor products contained the methoxycarbonyl- 
octyl grouping of the starting alcohol, as evidenced by the 
tame spectra of the individual. fractions. 

The column was then washed out with a large volume of 
dichloromethane-ethylacetate (1:1). Evaporation of this 
eluate provided a chromatographically homogeneous material 
(ca. 88%) whose ly and 13 ¢nmr spectra clearly showed the 
presence of all three sugar units, but as a mixture of 
compounds. A solvent system was eventually found that 


could separate this material into its two components, which 
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have been designated as compounds 63 and 64. The state 
Spectra of these two trisaccharides are presented in Figs. 
13 and 14, respectively. Examination of these spectra 
immediately showed that the fucopyranosyl residue was pres- 
ent in the aq-configuration in both compounds on the basis 
Pee cCiceanaiiwn cae] omits) sCOUDLIng constant of itssanomeric 
proton, eliminating the possibility of an anomeric mixture. 
Equally evident was the absence of resonances attributable 


to either the NH or COCH, protons. of the acetamido group 


3 
in 63, while these were present in the spectrum of 64. An 
‘anomalously' high field signal (62.80), integrating for 
one proton, was also present in the spectrum of 63 (lig. 
is) bxXemination of the 13 6nmr spectra of these two com- 
pounds, shown in Figs. 15 and 16, confirmed the absence of 


ies COCh  OCOUupINng in 63 whilewboth thescarbonyl (170.12 


s 
ppm) and methyl (23.40 ppm) carbons were present in 64. 
Examination of the ‘anomeric region" (95-105 ppm) showed 
the presence of five signals for both compounds, attribut- 
able to the three glycosidic carbons and the two O-methylenic 
carbons of the benzyloxymethyl groups. 

It thus seemed probable that 63 was simply the N- 
deacetylated derivative of the expected trisaccharide 64. 
The: small downfield shift ofs¢—2ein 63, when compared to 


that) in 64, was supportive of this conclusion.’ Irradia- 


tion of the doublet of doublets (J a ae OA at] Bs 
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Se ou Z ate Ol. oO Inathe icine spectrum of 63 resulted in 
the collapse of a doublet at 64.19 which would then be H-1l. 
A large upfield shift of H-2 on N-deacetylation of 2-aceta- 
mido-2-deoxy-glycopyranosides has been documented in the 
literature. °8 

The assignment of structure to 63 and 64 was thus 
relatively straightforward on the basis of a superficial 
analysis of their nmr spectra. Confirmation of the valid- 
ity of these assignments was achieved by the N-acetylation 
of 63 (acetic anhydride/methanol) which resulted in its 
quantitative conversion to 64. 

The N-deacetylation observed during the halide-ion 
catalyzed reaction is without precedent. The possibility 
erect e that this may be, at least in some cases, a common 
side reaction during the a-glycosylation of acetamido sug- 
ars. If unnoticed, this may lead to significantly reduced 
yields, particularly when product isolation involves chroma- 
tography on an even slightly acidic support where the free 
amine may be trapped. 

There can, in the author's view, be little doubt as 
to the mechanism of the N-deacetylation. The alkylation 
of amides by alkyl “halides, in the presence of silver salts, 
is a well-established process for the preparation of O- 


alkyl imidatesmae Hydrolysis of these imidates 


may be controlled so as to produce either the free amine 
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or to regenerate the amide.” This process has in fact 
found use in the area of carbohydrate chemistry where Han- 
essian applied the methods for the N-deacetylation which 


involves formation of O-ethyl acetamidium tetrafluorobor- 


ates (Scheme 22). 


AcO aah Aco HCl AcO 0 
—s >_>» —___—_> 
aco Ves AcO H.0 AcO 
AcHN QAc : H.N 
N Ac 3 a OAc 
A Gl 7 
Et 
Scheme 22 


The O-glycosylation of the amide function in acetamido 
sugars has also been found to occur as a side reaction dur- 
ing the Koenigs-Knorr reaction catalyzed by silver per- 
chlorate. Several O-glycosyl disaccharide imidates have 
also been deliberately eapavedmes The discovery of these 
imidates, in fact, formed the basis of a new method of 


42,43 


glycosylation; the “imidate*procedure”™, which employs 


1-O-imidyl-8-glycopyranoses in place of 1-halogeno sugars, 
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for the formation of a-linked glycosides. These anomeric 
imidates have been reported by Sinay and co-workers"? ae, 
be unstable to chromatography on silica gel. 

It seems likely, then, in view of the large excess 
of fucosyl bromide used in the reaction with 62, that the 
major product (Rf 0.30) observed in the thin-layer chromat- 


ogram of the reaction mixture was the tetrasaccharide 


imidate shown in Scheme 23. The decomposition of this 
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product in the course of the chromatography then produced 
Geeand 64/8in -a ratio Of “approximately @b-22) sie sisolatiaon 
and proof of the intermediacy of this tetrasaccharide 


imidate was judged to be outside the scope of this research. 
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The hydrogenolysis of 64 proceeded smoothly and pro- 
Virdedmthemt@inapten ((5)tins SS5emyield.. ithe 1h and A Crm 
parameters for 5 are presented in Tables 1 and 2, respec- 


tively (Chapter 3). These parameters were in accord with 


the assigned structures. 


4, 8-Methoxycarbonyloctyl 2-Acetamido-2-deoxy-4-0O- 
[2-0- (q-L-fucopyranosyl) -g-D-glucopyranosy1]-8- 


D-glucopyranoside (6). The 4'-epi-H Hapten. 


With supplies of both the glucosyl bromide 53 and the 
alcohol 60 available from the preceeding syntheses, the 
preparation of 6 required only three steps (Scheme 24). 
Koenigs-Knorr condensation of 53 and 60, under the condi- 
tions described by Hanessian and Banoub, °” provided a 
mixture of disaccharide derivatives which could be separ- 
ated by column chromatography after de-O-acetylation. The 
major product (Scheme 24) was the S-linked disaccharide 66 
which was obtained in 31% yield. The f-configuration in 
66 could be readily inferred from its partially relaxed 
(T,) and decoupled Aaah spectrum where the signal for H-l' 


appeared as a doublet, ca Aahipliey debd roymoncri tay AR get ior 


serait! 
linked disaccharidé 65 (IHnmr: H-1", 65-12, J),.5. = 


3700HzZ) was) isolated in Ji geyield.seihesa-U-Lucosylation 
of 66 under halide-ion conditions provided the protected 


trisaccharide so/mint oy sy1eld. meth thisscase, moO, evidence 
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for N-deacetylation was found. Hydrogenolysis of the pro- 
tecting groups in 67 then produced the title Peer enor de 
6 in 85% yield. 

The ly and +3 comr spectral parameters are presented 


in Tables 1 and 2, respectively (Chapter 3) and are in 


accord with the assigned structure. 


1) AgS03CF3/(MeN),CO 
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2)MeO?/ MeOH 
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; : sno? isa 


- 
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CHARTER eb 


THE CONFORMATIONS OF OLIGOSACCHARIDES 


RELATED TO THE H AND LEWIS HUMAN BLOOD GROUPS 


An appreciation of the conformational properties of 
the Tec ie and H haptens, and their 4'-epi-analogues, is 
basic to progress toward an understanding of their biolog- 
ical activities especially in terms of their interactions 
with receptor sites. Thus, for a meaningful analysis of 
the cross-reactivity of a pair of epimers to be presented, 
proof that these exist in near the same solution conforma- 
tion must be put forward. Only after this can differences 
in specificity be interpreted uniquely in terms of the 
change in stereochemistry of a hydroxyl group and, conse- 
quently, the degree of involvement of that hydroxyl group 
in a receptor site. 

The proposed solution conformations of the compounds 
under consideration were presented in Fig. 4. It must be 
emphasized that these two-dimensional illustrations should 
only be regarded as approximate representations of the true 
three-dimensional structures. Although an attempt was made 
to present these molecules from the angle which best illus- 
trates their more important conformational aspects, space- 
filling model seare req red ston apt uWiappreciationoL the 


finer points, particularly as regards overall topography. 
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Evidence, based in nmr spectroscopy, that these compounds 
reside in the conformations shown in Fig. 4 will be pres- 
ented in this chapter. 

Lemieux et ee! have recently presented the results 
of a sophisticated conformational study of the A and B 
(Type 1) and Lewis oligosaccharides. Their conclusions 
regarding the preferred conformations of the Le? and Tee 
trisaccharides are of particular importance to this dis- 
cussion. On the basis of modified hard-sphere calculations, 
WilLecnetake sincoO account the important contributions of the 
exo-anomeric effect (termed HSEA ce domiereieee) oo and the 
magnetic resonance properties of synthetic mono-, di, tri- 
and tetrasaccharide haptens, overwhelming support was pro- 
vided that the mee tetrasaccharide adopts the conformation 
SHOWN bid. sivas LOOking at this conformation. from the 
right-hand side of the figure would provide the more famil- 
iar view presented in the simplified illustration of 
beg ola be 

Lemieux et i! were able to show that the Le® and eo" 
trisaccharides, which are partial structures of the ret 
tetrasaccharide, adopt essentially the same conformations 
as in their composite Le? SELUCTULe RO IMpUEL led ei Ww istta— 
tions of these cContormations, andy thneinm relationship to 

b 


thesles ssEnuccture warema liso epresentcdsinerig.s 1. these 


conformationalrsimilarities will sresult in«similar localized 


“4 
-~ 
. 
~ 
- 
é i] 
& + 


: 
ae. 
4 
a 
a 
s 
: 
r 
r 
4 ra 
4 ; 
a = IY 
: 
at 


sii 3X Si2e% $1.) 


a eo 
he me 


4 
‘ 
' 
> 
— “s 
gy SPs were: a < 
3 a Fe a din - 


xu simat 


i | 


Bag. 


in) 


92 


le (1) neds 


The conformations of the Lewis determinants; a, the 
ten tetrasaccharide (from Lemieux SEAL OFS Dea o1t— 
ferent simplified view of the same structure; c, the 


Le* biratsacehanrde sid wethe Le® trasaccharides 
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topographies that explain well the observation? that anti- 


Le? antibodies, raised against an artifical Le? antigen, 
cross-reacted ee eee with both the Le® and ee struc- 
eu es 

The oF and 13 came spectral parameters obtained’ for 
the Le® and eo trisaccharides are presented in Tables l 
and 2, respectively, along with those for the new e-Lea 
eeiess H and e-H trisaccharides. 

In general, the conformations of the pyranose rings 
of sugar units in an oligosaccharide chain can be expected 
to be those preferred for the sugar as a simple glycoside; 
i.e., the §DGal, BDGlc and gBDGIcNAc residues will be pres- 
ent in the ice and the aLFuc residue in the 1 conforma- 
tions. The magnitudes of the coupling constants for the 
anomeric protons of these residues which are noted in Table 
1 support these expectations. The conformations of the 
oligosaccharide chains are, therefore, expected to depend 
mainly on conformational preferences involving the glyco- 
Sidic bonds. 

The sensitivity of sugar-proton chemical shifts to 
differences in environment is well known and was elegantly 
demonstrated by Lemieux et Bib! in their comparisons of the 
§6-values of identical residues when present either as 


simple glycosides or as part of oligosaccharidic structures. 


Thus, for example, while H-1 of methyl g-L-fucopyranoside 
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provides its signal at 5.01 ppm, when the a-L-fucopyranosyl 
residue is present in the Le® or neg Seructures this proton 
resonates at’ 5.27 and)5.44 ppm, respectively. © Such signif- 
icant changes in chemical shift are not unexpected since 
these three glycosides possess substantially different 
aglyconic structures which are necessarily in close proxim- 
ity to the anomeric proton. Smaller chemical shift differ- 
ences would naturally be expected as the protons become 
more removed from the aglyconic structure. This, however, 
need not be the case in an oligosaccharide where inter- 
residue interactions may occur. Thus, while H-5 of methyl 
&-L-fucopyranoside resonates at 4.27 ppm, in the we struc- 
ture this proton provides its signal at 4.56 ppm and in the 
Le“ structure at 5.10 Dpme A deshielding: of 0.83 ppm, in 
the Le? case, for a proton five bonds removed from the 
aglyconic carbon is truly remarkable. This downfield shift 
has been Aeeribureda to the electrostatic deshielding of 
Boe ee DOLN EO =o andsO—-5'52as indicated) ini Fig.) Lic. Sup- 
DostuloOn Liisecontormatiom, basedfon, specific muclear Over— 
hauser enhancements, will be presented later. 
Thevsensitivity of the sproton chemical@shiftt’ to its 
environment is also clearly apparent by comparing, in Table 
1, the 6-values of the protons of a given sugar residue 
when this residue 1s presenteim-diafferent oligosaccharidic 


structures. These chemical shifts should then serve as 
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sensitive indicators of the environments of their corres- 
ponding hydrogen atoms. 

Comparison of the chemical shifts of the protons of 
the BDGICNAC and aLFuc residues within the three pairs of 
epimers shows these to be in excellent agreement, the (6-6) 
values being very near zero. This near-constancy of the 
chemical shifts of the protons of a common residue on going 
to its 4'-epimer is regarded (see the following discussion) 
as strong evidence that these residues remain in near- 
identical environments and, therefore, that the epimeric 
pairs of haptens reside in essentially identical conforma- 
tions. The particularly good agreement of the chemical 
shifts for the aLFuc residue in the recy eones and H/e-H 
pairs requires this residue to be substantially removed 
from the 4' position and this will be seen later to be the 
case. The excellent agreement of the 130 seacizedl SyeRes 
for the fucosyl residue within these two pairs of epimers 
(Table 2) are in further support of this contention. 
Indeed, the (6-6) values for these pairs are regarded as 
being within experimental error. 

The sensitivity of my chemical shifts to minor chan- 
ges in hybridization is well knowns Differences in mete 
shiftsjof.commongunitswiny differentyoligosaccharidicestxzuc— 


tures need not, therefore, indicate significant differences 


in overall conformation but may be due to minor changes in 
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valence angles, particularly about the glycosidic linkages.’ 
Nevertheless, the generally good agreement observed (Table 
2) for the carbon resonances of units common to a pair of 
epimers is further support that all these pairs maintain 
essentially identical conformations. The difficulty in 
interpreting small carbon chemical shift differences in 
terms of conformational changes, for the reasons described 
above, puts the onus of establishing the absolute confor- 
mations of these structures back onto lnm spectroscopy. 

Evidence has so far been presented only that each 
pair of epimers resides in essentially the same conforma- 
tion and should therefore present a similar topography, 
with the exception of the area immediately surrounding the 
4'-position, to a receptor site. The establishment of the 
absolute conformations rests on the results of specific 
nuclear Overhauser enhancement (N.O.E.) studies. 

Homonuclear pote N.O.E. studies have found wide 
application in structural stereochemical work.?" The sNLOLE. 
experiment consists of selectively irradiating the signal 
for one or more protons in the lonmr spectrum of a compound 
and observing the enhancements of the signals for other 
protons present in the same molecule. The rile dependence 
of this enhancement, where r is the distance between the 


irradiated and observed protons, makes such measurements 


highly sensitive to small changes in the separation of 
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these protons. When such protons are located on different 
sugar units of an oligosaccharidic structure even minor 
changes in conformations, which result in a change in their 
spatial separation, will therefore lead to a readily detec- 
table difference in N.O.E.'s. 

With the advent of Fourier-Transform high-field 
spectrometers, measurements of N.O.E.'sS are made 
with confidence to within oe Absolute N.O.E. effects 
are highly sensitive to a number of experimental factors 
including concentration, the presence of paramagnetic 
substances, the complexity and nature of the molecule under 
investigation, the strength of the magnetic field and the 
measurement itself. Therefore, the absolute value of a 
N.O.E. is not itself significant except in the sense that 
a strong observed N.O.E. requires the close proximity of 
the two hydrogen atoms. However, the relative values of 
N.O.E.'s for two or more hydrogens within the same molecule 
and obtained at the same time through the irradiation of a 
specific hydrogen are significant in the sense that the 
hydrogen which has the greatest N.O.E. must be closest to 
the hydrogen that was irradiated. Thus, although the 
absolute value is only of qualitative value, the ratios of 


N.O.E.'s measured at the same time are at least of semi- 


quantitative value. 


t~ 


wa 


8B ee 


gt ee 


44 
if 


le 
~ rf 


a 
14D 
* ee 
ey Ee 
ov 


~ 


fat. 


Sf 


re) 


4 


fa den 


3 


i 4 
aC 


i. 


* o Vz os 
: 


We 2erd avews 


«~ 


= 


~~ 


100 


The results of a typical N.O.E. experiment are presen- 
ted in Fig. 18, where the effect of irradiating the anomeric 
proton of the aLFuc residue (H-1") in the efit trisacchar- 
ide (4) is shown. Such experiments could be conducted 
Since the H-1" signals in all the haptens were well sepa- 
rated from the other signals in the spectrum and these 
equatorial hydrogens are essentially free of interactions 
with other intra-unit hydrogens except for the neighboring 
H-2" atoms. The N.O.E.'s can be most conveniently deter- 
mined by recording, in alternating fashion, the normal and 
irradiated spectrum and then computer-substracting one spec- 
trum from the other. 

In the spectrum where H-1" is being irradiated, and 
is therefore saturated, thus sprEouon will no glonger, provide 
a Signal while the signals of protons proximate to H-1" 
will be enhanced. Consequently, subtraction of the irra- 
eitted spectrum from the normal spectrum (Fig. 18a) will 
provide a difference spectrum (Fig. 18b) where H-1" will 
appear as a negative signal of full intensity (i.e., this 
signal will integrate for one proton), the unenhanced sig- 
nals will een caT out and the enhanced signals will appear 
dsesignals of tractionalsposiolvemintensi cy we LOCwNe Ones 
of these latter signals may then be expressed as a percen- 
tage of thettimradiated isi gna -SeThe wn JO. .sisaobtained gn 


thesemanner, swhiene irda acing Hols fit sehe six tli Ssaccharides 


Eig 


18 


Od 


The N.O.E. enhancements observed as a result of 
irvadiatingsisl wine the 4O0SMEnZespect rum lor com 
pound 4 in D,O: a, the normal spectrum; b, the 


NeO.b. Gpirerence spectrum. 
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under consideration, are presented in Table 3. 

As seen from Table 3, significant enhancements of the 
H-2" atoms were observed on irradiation of the neighboring 
H-1" atoms... [his ,is in. keeping with the fact that these 
two atoms are separated by only sick ay ae These enhancements 
therefore can serve as an internal standard for interpret- 
ing the N.O.E.'s observed for other hydrogens. 

For the Le* trisaccharide Cro. yc) pte sHSEA cal— 
culations of Lemieux et al. placed H-1" and H-4 at an 
internuclear distance of 2.68A in accord with relative 
N.O.E."’s observed for H-4 and H-2" (Table 3). These calcu- 
lations also placed H-1" at a distance of 2.69A from C-6, 

a distance that would require strong interactions between 
H-1" and the H-6 atoms. Indeed, the observation of a 
readily measurable N.O.E. for Preseatone (Table 3) sup- 
ported this conclusion. The highly abnormal chemical 
Sitirt eo) H—5 177 1 was attributed, as noted earlier, to 
the electrostatic deshielding of this hydrogen by both 0-3 
and O-5'. The HSEA calculations placed this proton directly 
above both of these oxygen atoms, and at a distance of 
only 2.40A from H-2'. Indeed, irradiation of H-5" caused 
an enhancement of 5% for its syn-clinal H-4", which was 
estimated to be 2.450 fromeH—5.,  adeomsGnelor H—2er 

Comparison of the N.O.E.'s observed when irradiating 


H-1" of the e-Le® trisaccharide (2) with those reported 


‘ 
if 
» 
6 x "33H ris | 74 ie af 
. 
: 7 “ as ( 
' & cj Le SS 
3 a } ¥7= 
i ~ © jes : 
: 7 *- Se map! 
is Oe be stoURISe STS eMmosFs Owe. 
-, 7 pm } 


- 


nso -s120tetemg 


e! 


cai abides rah, + 
7 oT] 


= : 7 y sal 
ae ? P ye * : 5 ’ _ OHS eo; Bo Fat i: 


103 


TABLE 3. Nuclear Overhauser Enhancements 


Data observed when irradiating the anomeric 
proton of the LFuc residue (H-1") of com- 


pounds 1 - 6 in D.0 at 400 MHz. 


Compound hee i eS) 
H-2" H-A* Other 
Le“ (1) 12 8 H-6's (5 and 2) 
Ere) i 9 H-6's (5 and 1) 
oes (3) 14 16 a 
e-Le (4) 8 a, --- 
H (5) 6 jae --- 
e-H (6) 6 7 --- 
a 


H-A refers to the proton at the aglyonic carbon; 
H-4 in 1 and 2, and H-2' in 3 - 6. 
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for the Le® hapten (1) (Table 3) can leave no doubt that 
the qgLFuc residue is oriented identically with respect to 
EhessUGICNAG Unit aneboth of these structures... In. addition, 
the nearly identical chemical shift for the anomalous H-5" 
in born - and 2 requires the same deshielding effects to 
be present and, consequently, requires the gDGlc unit in 2 
to have near the same orientation as the gDGal unit 1. 
Considerations similar to those described above allowed 
Lemieux et Ae to show that q-L-fucosylation of the Le~ 
disaccharide {|8DGal(1>3) 8DG1cNAc]to provide either the Le 
Le Ope Tee structures caused no appreciable change in the 
conformation of this disaccharide. This is the case since 
this conformation resides in a potential-energy well that 
is steep with respect to changes in angles about the gDGal 
glycosidic linkage as a result of both the exo-anomeric 
effect and inter-unit attractive and repulsive Van der 
Waals' forces. / The Tes trisaccharide (3) was shown to 
reside in a conformation which places the qgLFuc unit to the 
front and somewhat on top of the BDGIcNAc unit, as illus- 
Eracedei ie ig. 170.90 tlniS Orlentabion places H—1' 2.44A 
from H-2' and would require the observation of similar 
NeOeE. Ss for both, H=2" and H-2" when i17radiatingyH-lae As 
ean be seen) tromeTabless, thisewas founds lo, besthe case stor 
both. the Wwe and aerew compounds. As noted earlier, the remark- 


able consistency Of the chemical shifts forthe alFuc protons in 


Bande 4evatd also sine 5 sand 10) required that this residue be 
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well removed from the 4'-position. The proximity of the 
anisotropic carbonyl of the BDGlcNAc residue to the aLFuc 
unit in 3 (see Fig. 17a) would lead to the expectation that 
Epes, chemai cals shies. of. the protons in this latter. unit 
should be particularly sensitive to small changes in the 
relative orientations of these two sugars. Since no sig- 
nificant differences in the chemical shifts of the protons 
of either residue were found between 3 and 4, these units 
are expected to be in the same relative orientations. The 
conformation of 4 would then be essentially identical to 
that proposed for 3. 

The conformation of the §DGal(1+4) BDGlcNAc disaccharide 
(N-acetyl-lactosamine, LacNAc) was snsain" to reside in the 


conformation illustrated in Scheme 25, and was found to be 


NHAc 


0. 
Oo 0 ———————_»> 


OH 


NHAc 


LacNAc 


Scheme 25 
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in a potential-energy well similar to that described for 
the Le© disaccharide. There is thus no reason to expect 
Eliatmi~ Us eUCOSylattoneor echnew2 —Nnydroxyi= group OL LacNAc, 
to provide the H-structure, should appreciably alter this 
conformation. The orientation of the aLFuc unit relative 
to the 8DGal unit in 3 and Sy ancd@cne pOGlC@unlTcein 4 and 
6, may, in addition, be expected to be the same. / This 
contention is supported by the N.O.E.'s listed in Table 3 
where, in each of these four compounds, the enhancements 
observed for H-2' and H-2", while irradiating H-1", were 
essentially identical. 

On the basis of the foregoing nmr evidence, it may 
Een Deuce xpectcduthat each OL a pair Of epimers possesses 
essentially the same conformational preferences for the 
glycosidic bonds. Differences in immunochemical specifici- 
ties can then be assigned, with some confidence, to the 
degree of involvement of the area surrounding the 4'- 


position in a recognition phenomenon. 
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CHAPTER IV 


IMMUNOCHEMISTRY 


A. Preparation of Artificial Antigens and 


Tmmunoadsorbents; 


Rabbit Immunizations 


The four trisaccharide haptens whose syntheses were 


described in Chapter II were prepared as their 8-methoxy- 


carbonyloctyl Hisscctaee 


erie LOLretie spGrcpaLratlonson.artiticialsantigens 


immunoadsorbents.** 


Scheme 26. 


‘Saccharide - 0 (CH,) .COOCH 


Saccharide - O(CH,) ,CONHNH 


Saccharide - 0 (CH) »CON 


HN - protein 


Saccharide - O(CH,) gCONH 
Protein 


Artificial Antigen 


ID Onder stOsDLOvidesawlainking= 


11 and 


The general procedure is outlined in 


3 


| H5NNH, 


z 


| HONO 


3 


HN ——§SOlLd ssupport 


Saccharide - O(CH.) gCONH 


solid support 


Immunoadsorbent 


Scheme 26 
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This procedure involves the preparation of the hapten 
acyl-azides by way of the acyl-hydrazides. The acyl- 
hydrazides were prepared from the corresponding methyl 
esters by reaction with hydrazine-hydrate, eenee neat or 
in admixture with ethanol. The hydrazine-free hydrazides 
were obtained by evaporation of the reaction mixture under 
reduced pressure and filtration of the residue through a 
column of Biogel-P2. Nitrous acid oxidation then provided 
the acyl-azides for reaction either with an aminated solid 
support to produce the immunoadsorbent or with a carrier 
molecule to prepare the artificial antigen. | 

The solid support used in this work was a silylaminated 
Chromosorb Bee which had an active surface amino-group 
incorporation of 3-6 umole/g. After attachment of the 
hapten, at an incorporation of 0.4-0.5 ypmole/g, the un- 
reacted amino groups were acetylated so as not to confer 
any ion-exchange properties to the MeO eC eens An 
immunoadsorbent prepared in this manner can bind approxi- 
mately 6 mg of antibody per gram. 

Bovine serum albumin (BSA) was used as the carrier 
molecule: this protein possesses 57 free amino groups per 
molecule A ee ~65,000)” and has been widely 
used for the preparation of so-called "artificial" antigens. 
An incorporation of 14-20 haptens per BSA molecule was 


achieved. As estimation of the degree of hapten 
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PNCOGpOldtLLOMeimeCOspOLhy the artificial, antigensand« the 
immunoadsorbent was obtained by sugar analysis using the 
phenol-—sulfuric, acid method.>" The details are provided 
in the experimental section. 

The Tome eo -leu, ea ete H and e-H antigens were 
each administered to San Juan.rabbits, in groups of 3, in 
Freund's complete adjuvant. The multiple-boost immuniza- 
tion schedule used was that described by Lemieux, Bundle 
and Baker!1 as Protocol A. The rabbits were exsanguinated 
after four weeks. After clot removal, the individual sera 


were stabilized with sodium azide (0.5%) and stored at 


O—A oC. 


B. Characterization of Anti-Sera 

The general success of these immunizations was evident 
from immunodiffusion assays. All sera gave lines of pre- 
cipitation against the corresponding immunizing antigen on 
immunodiffusion analysis” using agarose gel containing 
0.1% BSA. All the pre-immune sera were negative. Consid- 
erable variations were observed in the intensity of these 
lines, even within the sera obtained from rabbits immunized 
sea the same antigen. All the anti-Le* sera gave strong 
precipitin lines against the ened antigen and vice-versa. 
The anti-Le® and anti-H sera generally gave weak precipitin 


lines against their corresponding immunizing antigens and 
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slightly weaker lines still against the 4'-epimeric anti- 
gens. The aoe and anti-e-H sera, on the other hand, 
all gave extremely strong lines against their immunizing 
antigens and generally very weak lines against the 4'- 
epimeric analogues. 

In order to attempt to quantitate these observed cross- 
reactions, a method that would detect only the antibodies 
directed against the carbohydrate-portion of the antigen 
was required. Quantitative precipitin assays?o" are 
normally used in order to determine the antigen-specific 
titers of immune-sera but this method would also detect 
antibodies directed against the protein portion common to 
all the immunizing hapten-BSA antigens. As will be seen 
later, a large proportion of the antibodies raised against 
these synthetic antigens are in fact Gpeccted towards the 
BSA structure. 

A new and exceedingly simple method for determining 
the titers of hapten-specific antibodies in immune-sera was 
developed omy este laboratories by J. LePendu.1?? This 
method, based on the availability of the haptenated immuno- 
adsorbents, has been termed ‘quantitative batch immuno- 
adsorption’ (QBIA) and is essentially an adaptation of the 
‘quantitative micro-method for measuring antibody' described 


102 


by Gill and Bernard. The QBIA experiment consists of 


agitating a 1 mL solution of serum, of known concentration, 
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in phosphate-buffered saline (PBS), with an immunoadsorbent 
(IA) until antibody adsorption is complete (ca. 2.5 h). 
After centrifugation, the supernatant, containing unbound 
protein, is removed and the IA is washed with PBS until 

the washes are free of U.V. (280 nm) absorption. This pro- 
cedure leaves bound to the IA only those antibodies that 
have a sufficiently high affinity for its hapten. Addition 
of saline 2% ammonium hydroxide (1 mL) to the dried IA then 
effects the denaturation and concomitant desorption of 
these antibodies. The optical density of the supernatant 
solution, read against the corresponding solution obtained 
by identical treatment of an unhaptenated IA, then allows 


the calculation of the antibody concentration uSing an 
1% 


extinction co-efficient of E580 = 14 for immunoglobulin G 
froGie os the major immunoglobulin to be synthesized during 
103 


the secondary immune response. 
The results of a series of such experiments are shown 
in Fig. 19 where the anti-serum obtained from a rabbit 
immunized with the TeseBoA antigen was adsorbed, at several 
dilutions, with 30 mg of fe--1A. | The adsorption curve is 
reminiscent of a Langmuir adsorption isotherm? 94 where, 
clearly, the IA became saturated with antibody when the 
serum concentration was near 150 uL/mL in PBS. The line- 


arity of the curve at low serum concentration requires that, 


in-sthis region, —essentially all ithe anti-Le* antibodies are 
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QBIA assays of serum 2 (anti-Le“-BSA) . The absor- 
bance of the 2% ammonium hydroxide solution, con- 
taining the antibodies desorbed from a constant 
weight of the Lech (20gnC Pei eepLotLedwagainse 


the concentration of the adsorbed serum. 
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bound until the saturation level is achieved. The quan- 
tity of high affinity hapten-specific antibody present in 
small volumes of serum can thus be determined. 

The series of QBIA experiments described above is 
somewhat demanding in valuable serum and provides little 
information in the high serum-concentration range. The 
procedure for determining the antibody-titers against a 
large number of different IA'’s has therefore, in practice, 
consisted of single point determinations at one concentra- 
tion (usually 100 uL/mL) which was verified to be well below 
the concentration required to effect saturation of the IA. 

The ant ibody-titers of the anti-Le® and anti-e-Le® 
sera against both the immunizing antigen, obtained by the 
quantitative precipitin reaction in 2-4% polyethylene gly- 


,101,105 ana its corresponding hapten, obtained by the 


col 
QOBIA method, are presented in Table 4. Comparison of these 
two values shows that only near one-third of the immune 
response is directed toward the carbohydrate structure of 
the BSA-antigens. The QBIA titers een the 4'-epimeric 
trisaccharide of the immunizing antigen and the two disac- 
charide partial iit of the Le® hapten, §$DGal(1>3)- 


BDG1IcNAc (Le°) and aLFuc(1>*4) BDGlcNAc (Lewis-disaccharide, 


Le-disac), are also reported in Table 4. 
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DAR er Gharaccer~I zation Of. tthe fanta bodwesrarsed in 


rabbits against the Meas ncowe hes Bsa antigens. 


Analysis of the serum % Cross-reaction with 
(mg. antibody/mL) related structures 
Precio iei rn QBIA 
Serum assay? assayb OBIA assay© 


4'-epi en Le-disac 


Immunization with the Le* BSA antigen 


1 4.33 The ay 76 22 so 
2 4.98 1.64 98 56 85 
5) 8.66 280 89 36 54 


Immunization with the e-Le® BSA antigen 


9.65 ae 57 10 OF] 
6.55 HI88 55 19 31 
6 - 3.05 0.83 39 0 6 


@against the immunizing antigen using the 2-42 


polyethyleneglycol method, 104,105 


Pagainst the trisaccharidic hapten of the 


immunizing antigen. 


“against the haptenated immunoadsorbants. 
These titers are expressed as a percentage of 


the total immunizing hapten titer (b). 
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As can be seen in Table 4, the anti-Le®* antibodies cross- 
reacted to a high degree with the e-Le* structure. Indeed, 
the antibodies in the anti-Le® sera 2 and 3 essentially all 
bound this epimeric hapten. This result would be explained 
if these antibodies were directed largely against the Le- 
disac portion common to both structures. The Le-disac 
structure, however, binds, on the average, less than half 
the antibodies that cross-react with the e-Le® structure 
UTabile 4)... ,inethnezcasesor.~ serum, 2, where»the Teg exlen 
cross-reactivity is complete, onlyrabouteanthird ofisthe 
anecipodiessbind this) common unit. »In:\ fact, the-cross- 
reactivity of the anti-Le* antibodies with the Le-disac 
structure is seen, from Table 4, to be of the same extent 
as with the Le structure. 
It could be Be that the anti-Le“ antibodies that 
possess combining-sites which bind substantial portions of 
the three sugar units could bind with disaccharide units 
of the Le* determinant since the smaller structures could, 
a eprinciple, occupy phen Aine sites Indeed, in the 
case of serum 2, as See in Table 4, the Le° and Le-disac 
IA's combined bind See oe much antibody (91%) as does 
the Le?-IA. When this serum was adsorbed successively 
with excess amounts of these two IA's, however, only 67% 
of the anti-Le® antibodies were removed. Isolation of 


the remaining activity on a column of Le?’-IA led to the 
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BeEcovervy Of 5 3%e.0r, the total antibody. 

The antibodies of serological interest would, of course, 
be those that require such a large portion of the surface 
of the Le* determinant for binding that the incomplete di- 
saccharide structures would bind only very weakly, if at 
all, with these antibodies. These antibodies, the latter 
33%, would be candidates in this regard. It may be noted 
that, for this particular serum (serum 2), these antibodies, 
as was expected, reacted completely with the e-Le* struc- 
ture in the QBIA assay. Thus, while portions of all three 
Sugar units are required for useful binding by these anti- 
bodies, the area surrounding the 4'-position of the f8Gal 
residue is not likely involved in the binding. 

As noted earlier, idtel (shisyheleienker ehaveallevergusy (vekeleh AU) 
possess the carbonyloctyl linking-arm which is, of course, 
not present in the natural antigens. Involvement of this 
linking-arm in the immune response has previously been 
demonstrated by Lemieux et Ses The DOSSUDULL Ys, sy Len, 
existed that a high proportion of the antibody population 
produced against the synthetic omen or antigen was, in 
fact, directed against the "reducing" end of the hapten 
Arena Enas this Ween arm. The observed cross-reactivities 
with the e-Le®* and partial disaccharidic structures might 


then result from the antibodies deriving a significant 
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binding energy from the BDGIcNAc-O(CH.) , unit which is 
common to all the haptenated IA's. 

Since the rabbit anti-Le*“-BSA sera obtained from these 
rabbit immunizations were found to be non-agglutinating, 
the anti-serum from a Boats that was previously immunized 
with the Le?-BSA antigen was chosen to test the above pro- 
posal. The anti —-Les activity of this goat serum was iso- 
lated on a column of Le“-IA and, after desorption and 
neutralization, obtained as an antibody solution which 
strongly agglutinated Ques human red-cells. The anti- 
bodies responsible for this agglutination of the natural 
antigens cannot be directed against the linking-arm since 
it is not present in the natural antigens on the red-cells. 
Passage of this antibody solution through a column of 
e-Le* IA removed 63% of the antibodies. The eluate, con- 
taining those species (37%) which do not bind the eee 
structure, still gave a strong precipitin line against 
Le°-BSA in immunodiffusion assays but was virtually devoid 
of agglutinating activity against the same aes” cells. 
ieaceranicert of the antibodies from the e-Le* column gave 
a solution which, after dialysis and appropriate concen- 
tration, contained only half the protein concentration of 
the unfractionated antibody solution yet still had 


essentially the same high agglutination titer. Since 
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these antibodies agglutinate the natural Le® antigens, they 
cannot be expected to be strongly directed against either 
enewlinking-Aatrmeoresthe artificial antigen or the area 
immediately surrounding the 4'-position of the Gal residue 
in the Le* determinant. 

A consideration of the above discussion, coupled 


AY 


with the observations of Lemieux et al. that anti-Le®?- 


BSA antibodies raised in rabbits cross-reacted very poorly 
(~10%) with the Ten structure, allows some conclusions to 
be made regarding the specificity, in terms of structural 
requirements, of the anti-Le* antibodies raised through 
this procedure. This specificity, as was shown is not 


necessarily unique to the Le® determinant and the anti- 


bodies may be fooled. An attempt to illustrate the surface 


Scheme 27 
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of the Le® trisaccharide which is therefore believed to 
give rise to the Le® specificity of the antibodies under 
consideration is presented in Scheme 27. 

The anti-e-Le* sera had titers against both the immu- 
nizing antigen and its trisaccharidic hapten of the same 
order as those found for the anti-Le® sera (Table 4). The 
cross-reactivity of the anti-e-Le* antibodies with the 
epimeric structure was, however, only near 50%, as deter- 
mined by QBIA assays. This situation is distinct from the 
anti-Le* sera and requires a substantial population of 
these antibodies to be directed toward the §BDGlc residue. 
The very low cross-reactivity observed with the te a 
SEVUuCLuceersein suppor tol Bthistconclusioen. 

The cross-reactivity of these anti-e-Le® antibodies 
with the Le-disac structure is seen from Table 4 to be only 
moderate. This antibody population might be expected to 
bind both the Le® and? OF tcourse:, the e-Le* structure 
(since the antibodies were raised against this structure) 
since these have the Le-disac residues in common. These 
antibodies were isolated mA a Le-disac column and found, 
indeed, to cross-react sonenateny with both trisaccharide 
haptens by the OBIA assay. 

Removal of the Le~ and Le-disac activity from serum 


4, by passage through-columns of the respective IA's, 
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followed by isolation of the remaining anti-Le® ACUCIVICY 
on a column of Le®-IA gave a 20% yield of the total anti- 
e-Le® antibody. This antibody population may be expected 
to have essentially the same specificity requirements 
(illustrated in Scheme 27) as that isolated from the anti- 
Le* serum 2, in 33% yield, after identical treatment. 
That is, the antibodies would be expected to bind the Le® 
determinant of the natural antigens. The results of 
tissue-immunofluorescence-staining experiments are unfor- 
tunately not available at this time to verify this expec- 
tation. 

The characteristics of the antibodies raised against 
the Tee eereae H and e-H antigens will be discussed to- 
gether for reasons that will soon become apparent. The 
titers of these sera against the immunizing antigens, the 
corresponding haptens and their 4'-epimeric analogues, 
and related structures are presented in Table 5. The 
titers of these sera against the immunzing antigens, again 
obtained by quantitative precipitin assays, are generally 
of the same order, except for serum 11, as those found 
previously. Rabbit 1l aunnereny possessed a very well- 
developed immune system. 

While the quantity of antibody producedsagainst the 


immunizing antigens is in the expected range for these 
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TABLE 5. Characterization of the antibodies raised in rabbits 


against the mecr shy H and e-H BSA antigens. 


Analysis of the Serum 


(mg. antibody/mL) % Cross-reaction with related structures 
Precipitin QBIA 
Assay* Assay” QOBIA Assay© 
4*-epi H-disac Le H e-H 
Immunization with the Pew BSA antigen 
cL Ese) 0.75 72 0 10 0 - 
8 2.56 Os7L 67 17 39 0 - 
9 6.84 Dok 60 ; 0 47 0 = 
Immunization with the eeles BSA antigen 
10 5.41 Bigs: 6 10 2 - 48 
ras 16.4 3.90 Pe) 9 7 _ 47 
IL Vit 3-16 10 3 3 - 34 
LacNAc Tee aes 


Immunization with the H BSA antigen 


13 4.33 aly 73 0 57 0 ~ 
14 4.33 0.94 78 0 36 | 0 - 
15 3.53 0.92 83 0 30 0 - 


Immunization with the e-H BSA antigen 


16 sy bey 2.68 19 0 10 = 25 
17 3.36 3.02 30 19 6 a 41 
18 6.12 See 25 8 6 = 43 


fagainst the immunizing antigen using the 2-4% polyethyleneglycol methoa. 191-105 


pagainst the trisaccharidic hapten of the immunizing antigen. 


against the haptenated immunoadsorbents. These titers are expressed as a 


percentage of the immunizing hapten titer (b). 
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sera, glaring differences in the levels of hapten-specific 
antibody are apparent between the sera obtained by immuni- 
zation with the antigens derived from the 'natural' struc- 
tures ite? and H) and the 'unnatural' structures tee 
and e-H). 

The results listed in Table 5 can be appreciated on 
the basis that the rabbits used in these immunization 


106,107 


experiments possess H determinants. Thus, the 


gibuc(l>2) 6bDGals(H—disac), portion of the H. (Type_1).or Tes 
and H (Type 2) determinants would be 'self' structures 
and, therefore, not prone for participation in the immune 
response. Evidently, to do otherwise would lead to anti- 
self antibodies and serious disease. In fact, the rabbits 
survived the immunizations in good health. Therefore, one 
may have predicted that the antibodies raised against the 
nee and H-BSA antigens would not cross react appreciably 
with the H-disac structure or the alternate trisaccharide 
determinant with which it has only the H-disac structure 
MrmrCOUMOn | he sdatamiiie Lanter psy tesa show that this 

was indeed the case. In fact, it is seen that the immune 
response avoided raising siulineyGies against these oligo- 
saccharides compared to when the structure was 'non-self' 


as seen in the immunizations with the aoe and e-H 


antigens. In these latter cases, the response against 
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the trisaccharide structures are seen (Table 5) to be near 
3 times higher. Furthermore, an important fraction (~403) 
of these antibodies were found to cross-react with the 
alternate epi-structure and would therefore appear to be 
directed against the aLFuc(1+2)BDG1cNAc (e-H disac) unit. 

As may be expected from these results, the antibodies 
raised against the Teer H-BSA antigens cross-reacted 
extensively (60-83%) with the epi form of the antigen. 
Thus, although the immune response attempted to avoid the 
trisaccharide, when it did become involved, the involvement 
was with those portions of the Tew and H determinants that 
do not include the H-disac structure: the "reducing" ends 
of the haptens. 

These results appear to confirm the expectation! ?6:107 
that rabbits possess H-determinants as self-determinants. 
Unfortunately, it has not been possible to date to have 


rabbit tissues or erythrocytes typed in this regard. 


es The Lewis Antigens and Secretor sagengee” 


The ABH (commonly referred to as ABO) and the Lewis 
human blood groups are of major importance to tissue 
transplantation including blood transfusion. Except for 
a rare (<0.1%) group of people known as Bombay types, 

A and/or B and/or H determinants occur on the endothelial 


cells of atte These activities are also found in the 
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secretions of about 80% of people. The near 20% of indi- 
viduals that do not secrete ABH active substances are termed 
non-secretors!® andvanre said to ilack the secretor see 
This matter became of interest as a result of the study of 
the distribution of the Lewis antigens in epithelial SES 
The Lewis antigens are also found on red cells but are 
transported in the plasma to this endothelial tissue from 
the epithelial cells where these are synthesizea.+1? The 
results of this investigation are illustrated by the data 
in Table 6. These data were acquired employing highly 
specific anti-Lewis antibodies which were produced by way 
of artificial antigens and immunoadsorbents following pro- 
cedures which were outlined earlier in this chapter. The 
tissues of the stomachs of a large number of healthy H 
blood group persons were examined using the technique of 


113 Tests were made for three 


immunofluorescence staining. 
of the four different Lewis determinants; namely, the 
Lewis-a, Lewis-b and Lewis-d antigens. 

As seen from Table 6, there appeared to be a correla- 
tion between the persons who possess either the leu ene Tea 
‘determinants and the number of people who are secretors 
Of ABH active substances. It is seen that no correlation 
at all exists between secretor status and the ABH antigens 


Of the red cells. lt shouldsbesrecalledjat this, point that 


the Tes determinant has been referred to as the H (Type 1) 


th 


o_ 
i? 
. 
< 


fa 
* = 
w= ol 
eo 2 2. 
\ ia 
7 
is 
- > or 
ue 
’ 
> 
‘2 


3 es a re é a 


_ 


- 


7 . vo) hon : 
am joods Yo are 2 9 


> = 


- 


- ‘ i 4) ze ee 
L~nd ae Pe 2il Ss 44 


in 


prans aiwed St 


* =e ' 


ae (eBhe 


— 


y 
—— 


+ at Ms 
a a & 


Za 


Pagueewo. Ah eCOMpanri sol Of Statistics fOr Caucasian individ— 
uals that secrete ABH active substances and the 
statistics for the occurence of Lewis antigens in 
these persons. The statistics are presented as 
approximate since these vary considerably with 


ethnic background. 


Occurence of Lewis Antigens 


Secretors Tespo= eon 


Hest ore) Let ot 


~80% ~1% ~20% ~10% ~10% 


~42% ~83 ~3% ~47% 
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determinant and is the precursor to the ten determinant?+4 
and that it is well Beeab i eneds that the ves determinant 
can serve as the substrate for the development of so-called 
A (Type 1) and B (Type 1) antigens in individuals who have 
appropriately localized DGalNAc and DGal transferases; 
namely, A and B human blood group individuals, respectively. 
Thus, it could be presumed that the A or B antigens that 
are present in the secretions are of the Type 1 variety - 
and, therefore, their presence in the secretion, like the 
es determinant, was related to the formation in the 
individuals epithelial cells of the precusor Tes antigen. 

In other words, it seemed rational to i eosaaeiers that ABH 
secretor status was dependent on the synthesis of the Tes 
determinant in the epithelial cells. However, alas, the 
known forms for the Lewis-a, b and d eee iiates do not 
bind the lectin Ulex europaeus which is the reagent that 
asvemployea to test for H activity in secretions. This 
test is normally made by examining whether or not the 
Salovajore tne patient inhibits: the agglutination ob@H ened 
Piocarcells by che; Ulex lectin. The red cells of these 
individuals are known to possess the H antigenic determi- 
nant which is seeks bound by Ulex europaeus. 

The structural relationships between the Type 1 and 


Type 2 ABH human-blood group determinants are shown in 
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Fig. 20. It is seen that, at the various levels of develop- 
ment, these have the same sugar composition. Theadunter— 
ences arise because the precursor disaccharide for the Tea 
determinant has a $DGal unit linked to the 3-position of a 
BDGIcNAc residue whereas in the Type 2 determinants this 
linkage ay to the 4-position of the BDGIcNAc residue of 
the developing ologisaccharide. It was pointed out by 
Lemieux and co-workers’ thatedtewould bepgtrulyextraordinary 
should the same enzyme system convert the Type l (Lend 
structure to the we determinant and the Type 2 (LacNAc) 
structure to the H determinant. On the other hand, these 
conformational studies’ suggested that the 3'-hydroxyl 
group Ofe thee BpGaleunits of sbothi the We and H determinants 
are likely in stereochemically very similar envinronments 
and both these structures can be expected LOL be irans— 
formed to A and B determinants by the same enzyme systems. 
Using the refined anti-Lewis reagents, Drs. Weinstein 
and Gwitzerse were able to clearly establish the nearer 
of the Lewis antigens in normal stomach tissues of H blood 
group individuals according to the expectation based on the 
typing Of theireredacelils eythesduscoveryerofgrhe bes anti- 
gen on the tissues of Lewis-a and b negative persons except 
for: one! patient) proved of interest since this Lewis=a,~b 


and d negative person proved to be a nonsecretor. The 
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inference then was that all but a very small proportion of 


2 or the tes antigens, most 


people possess either eae Le 
likely as glycoproteins on their epithelial cells. 

It is considered of interest to speculate that the Tes 
determinants of these antigens have the glucosamine residue 
in the acetylated form since whether or not this residue 
is in the amine or acetamido form might not be expected to 
influence the a-L-fucosylation at the remote 4-position. 
Since the antibodies used to locate the Lewis antigens were 
raised in rabbits against the gDGal (1+3)[aLFuc(1+4) ] BDG1cNAc- 
BSA antigen, it seems probable, recalling Scheme 27, that 
the natural antigen also contained the fgDG1IcNAc residue 
Since the antibodies are expected to bind in the region 
near the acetamido group. This is likely not the case for 
the antibodies directed against the inet and ree determi- 
nants since it is axpected that these Eee are binding 
Pree antigenic determinants at regions remote from the 
acetamido (or amino, see below) aizernonn oe This matter is 
pointed out since it was instrumental to the formulation 
Of an interesting question; namely, is it possible that a 
person is Le* not because the person is deficient in the 
aLFuc. transterase required to, fucosylate the Types l pre 
cursor to the Leo structure but because, instead, the Type 


1 disaccharide unit in the N-acetylated form is not a sub- 


strate for this transferase? 
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It is considered of interest to entertain the possi- 
Daa vie ctlatia Le* individual can possess the aLFuc trans- 
ferase required to form the nee determinant but this enzyme 
is not expressed because the idl vidual does not posess the 
PDGICNAc amidase required for the formation of the Type 1 
disaccharide precursor in the amine form (Fig. 21). It 
would be expected that should, in fact, this amine be a 
precursor to the ne determinant, it would be formed either 
by N-deacetylation of the Type l Secale ‘shelakiay Tope? Jet, 
N-deacetylation of the precursor SDG1lcNAc unit for the 
formation of the Type 1 disaccharide unit as the amine. 
This latter postulation is considered of interest since it 
raises the possibility that the Type 1 and Type 2 structures 
are synthesized by way of the same BDGal transferase. As 
seen in Fig. 21, the steric environment about the 3-hydroxyl 
group of a 8-D-glucosamine unit bears a similarity to the 
Peteric environment about the 4-hydroxyl group of an N- 
acetyl-B-D-glucosamine Unease DeeorErerence sis sbhcwd titer 
ence between a CH, group and a NH, group. This difference 
May prove to not be highly significant in terms of binding 
to the enzyme active site. 

It could be anticipated on theoretical grounds that 
intramolecular hydrogen bonding in a carbohydrate antigenic 


determinant could play an important role in determining 
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the energetics of the complexing of a carbohydrate with the 
combining site of an antibody, especially, should the driv- 
ing for cemtonibinding! be Jof tan'thydrophobic naturew) «in tthe 
course of recent studies, }? it was found that methyl 4- 
amino-4-deoxy-8-D-galactopyranoside was bound surprisingly 
well to anti-8-D-galactopyranosyl antibodies as compared to 
methyl 4-chloro-4-deoxy-8-D-galactopyranoside. Thus, it 
became Berend that the amino group, in a sense, can be 
isomorphous to an hydroxyl group. Meanwhile, Salmon and 
Gerbalc +? showed that N-deacetylation of the BDGalNAc 
residue of the terminal trisaccharide of the A human blood 
group determinant rendered the structure B blood group 
active and An tae demonstrated that, in this interaction, 
the amine is in a sense isomorphous to the alcohol. 
Evidence is thus accumulating that an amino group and 
an hydroxyl group can, in a sense, be isomorphous in terms 
of biological receptor sites. Especially biethesbinding 
is hydrophobic, an amine group can also be expected to be 
acceptable in the region of a receptor site which accommo- 
dates a methylene group. It was in the Beaten OfSBthis 
idea that the situation presented in Fig. 22 was considered. 
It was expected that, should the binding of the H 
determinant by the Ulex europaeus involve substantial bind- 


ing of the gDGal unit, the e-H structure would inhibit the 
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agglutination of H red cells by this lectin much less effec- 
tively. | 
ASESeeN liv Pag.) 22, 0. LePpendu tound the H hapten to 
be a highly effective inhibitor of the Ulex agglutination 
of H human red cells. Furthermore, the e-H hapten in the 
same ester form was observed to be essentially as powerful 
an inhibitor. Subsequently, the N-deacetylated form of 
the H hapten was prepared, as the carboxylate salt, using 
the conditions prescribed by Lindberg and posworkers; ae 
and was found to be as effective an inhibitor as the elec- 
trically neutral structure. Therefore, it was apparent 
that the N-acetyl group is not involved in the binding of 
PicmieaelCCrminanty with Ulex. “As seen from Fig. 22,. the 
Type 2 disaccharide was ineffective as an inhibitor both 
as the N-acetyl-methyl ester and as Moca Don ymca: 
Bivs,eiteseemed Clear that the binding site of the Ulex 
re directed largely to the aLFuc unit. Indeed, as seen in 
Pigeiz2, ne disaccharide clFuc(l-2) BbGalestructtre) proved 
topbe a quite goodsinhibitor.” It was apparent therefore 
that, as previously appreciatea,**® thes Ulbexecombining esi ce 
is directed toward the aLFuc group of the H determinant. 
The observations presented in Fig. 22 require that 


the binding by Ulexvis with) that porcion sof the fucosylL 


group which faces the hydroxymethyl group of the BDGIcNAc 


rs shed 
PIs Yee 
re . 
by a 
cra 
~ a 
> 
- 
> 
4 
’ ] 
| 
aS Ee ‘ ie) ind 


f 5 - 
- we 

} ’ 
sie 2 
Sony Te 
“ 4 
HiALAw 
~ 
s - 
as 

wo cemy fe 


= _ - 
jee 

4 1 

P 2 ees 


w dneninsated Be 
] 


a0 ey 


~ 
ernie son 


7 
‘shi rentooselth $ 


4 


cis spe . bemss 
a 

+ ~ Sion awe £ 

{ 4 ac ¥25p 1; = o 


“ae i 4 gE ey ro tp ee 


lt) 


t os » adiups 


134 


“FFUN OVNOTOGS S43 JO uoTbez yo°HD ayy yatm 


Butputq epntTout Aew pue oenptsez ongto ej JO UOThSsa f-oeeees 
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residue. On the basis of the conformational studies pre- 
sented eanlier, the indication is that the binding is in 
part with the region about the C-3 and C-4 positions of 
the aLFuc unit. A comparison of the conformational formu- 
tase presented in Fige 23 forthe WH and Bee structures 
shows that should this in fact be the case then, indeed, 
the acetamido group would interfere with the binding of 
Ulex@withs the obkuc unit since at occupies ‘a substantial 
space adjacent to the C-3 - C-4 region of the fucosyl 
group. Following this observation, it could be expected 
that the N-deacetylation could provide a structure with 
which Ulex would bind. 

As seen in Fig. 23, the N-deacetylated Tes trisac-— 
Ciamlaceprovcdg tombe lanvexcellent inhibitor. The Ne 
deacetylated nee tetrasaccharide structure was also a good 
but somewhat less effective inhibitor. Thus, the possi- 
Seavey exustsetiac,sinaractestne pe and en antigens are 
secreted in the amine form. If so, this would provide an 
explanation for the correlation between ABH secretor status 
and the distribution and expression of the gene responsible 
for the synthesis of the Hee determinant. As was speculated 
with reference to Fig. 21, the genetic requirement may not 
be related to an aLFuc transferase but, instead to the avail- 


ability of the Type 1 disaccharide unit in the amine form. 
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In order to gain further experimental justification 
for the hypothesis that the Ulex active substances in the 
secretions of H individuals have the nee and oer determi- 
nants in the amine form, the effect of N-acetylation of 
SabivatonvitsPability itoeinhibitethe lagglutinationlof H 
red cells by Ulex was examined by Lemieux and LePendu. 
Conditions were found (acetic anhydride-methanol-water) 


which, when applied to the saliva of an A, secretor, caused 


1 
no change in the inhibition of the agglutination of A human 
red cells by anti-A typing reagent by the saliva. However, 
the same acetylation of the saliva of an HLe? person 
strongly reduced the inhibition of the agglutination of H 
Mindimcc mee lucmoy UL exe a lhes reduction was not quantita— 
tive (~75%), however, this may be due to an unusually high 
resistance of the amino groups of the les determinant to 
acetylation. This is considered a possibility because the 
synthetic new and Lee haptens proved to be extremely resis- 
tant to N-deacetylation. Thus, using the conditions pre- 
scribed by Lindberg and co-workers, /*? which employ 2.5 N 
sodium hydroxide, dimethylsulfoxide and thiophenol, the 


N-deacetylation of the simple BDG1IcNAC-O (CH,) COO compound 


8 
was complete within 5 hoursvat [00°C seein contrast, ache 


quantitative N-deacetylation of the Les and oe haptens 
Yequinredsnearlyyo > hours ab 120°C Nosobservables(pmr OL 


the isolated product) deacetylation occurred after 5 hours 
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at 100°C. In control experiments, wherein acetic acid was 
substituted for the acetic anhydride, the treatment caused 
no reduction in the inhibition provided by the saliva. 
Thus, the circumstantial evidence in support of the pro- 
raeel that the Tes and Wee antigens in secretions have the 


determinant in the amine form appears to warrant serious 


acrention. 
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CHAPTER V 


EXPERIMENTAL 


A. Synthetic Chemistry 


All solvents and reagents were purified according to 
standard aioeeieecee All solid reactants for glycosyl- 
ation were dried Overnight over phosphorous pentoxide in 
a high vacuum prior to use. The molecular sieve (BDH AA) 
was dried at 180°C Pome te jUSt aps. Om to wuse. 1.50 LUtLIOn 
transfers in these reactions were done under dry nitrogen 
using SARE ies a eRe Removal of O-acetyl 
and O-p-nitrobenzoyl protecting groups was effected using 
a 0.02M solution of sodium methoxide in dry methanol. 

The solutions obtained in the course of solvent 
extractions were filtered through paper pre-wetted with 
the solvent and further dried over sodium sulfate before 
Pee enoval with a rotary evaporator under the vacuum 
of a water aspirator and, unless otherwise indicated, ata 
bath temperature of 35°C or less. Decolorization of resi- 
dues were performed using a short column (2 cm in diameter) 
Of- neutral alumina. {cay 107g) “and using theysolventesystem 
described. 

Thin layer chromatograms (TLC) were performed on pre- 
coated silica gel 60-F254 plates (E. Merck, Darmstadt) and 


visualized by quenching of fluorescence and/or by charring 
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aGtemispraying with 5% sulphuric, acids in ethanol. , For 
column chromatography, silica gel H (type 60) (E. Merck, 
Darmstadt) and distilled solvents were used and the col- 
umns were loaded in the range 1:50 - 1:100. 

Unless otherwise stated, proton magnetic 
resonance iis spectra were recorded on a Varian HA-100 
or Bruker WH-200 at ambient temperature. Carbon-13 nuclear 
magnetic resonance (+3 cnmr) spectra were recorded on a 
Briiker WP-60 (15.08 MHz) or HFX-90 (22.6 MHz) at ambient 
temperature. 7 and one chemical shifts are in ppm 
relative to internal 1% tetramethylsilane (TMS) in organic 
solvents and either internal 1% acetone (6 2.48) or 
internal 5% dioxane (6 76.400) when the solvent was 
deuterium oxide. Optical rotations were measured on a 


Perkin-Elmer 241 Polarimeter at 589 -nm in a1 dm cell. 


The melting points are uncorrected. 
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8-Methoxycarbonyloctyl 2-Acetamido-3-0-(2,3,4,6-tetra-O- 


acety1l-8-D-glucopyranosy1)-4, 6-O-benzylidene-2-deoxy-f-D- 


glucopyranoside (40) 


TO a stirred suspension of 8-methoxycarbonyloctyl 2- 
acetamido-4, 6-0-benzylidene-2-deoxy-8-D-glucopyranoside”” (39) 
(a el eel MMOL), mercuric, cyanide (7.84 g, 31.1 mmol) 
and powdered calcium sulfate (Drierite, 8.5 g) in a mixture 
of 1:1 benzene-nitromethane (180 mL) kept at 55°C, there 
was added 2,3,4,6-tetra-O-acetyl-q-D-glucopyranosyl bromide?’ 
(7) (7244564. 18. laammol) in .60 mi .of the, same solvent mixture. 
After 2.5 h, the reaction was cooled, filtered through a 
pad of Celite and then the filtrate made up to 1 L with 
dichloromethane. ‘rhe solution was washed successively with 
saturated sodium bicarbonate (500 mL), saturated sodium 
chloride (500 mL) and water and Phen dried. Evaporation 


left a yellow syrup which was dissolved in ethylacetate- 


diethyl ether (3:1) and decolorized. Evaporation of the 


eluate left a white solid (11.39 g, 93%) which consisted of 
highly pure 40 which was crystallized in 77% yield by slow 


diffusion of pentane into a chloroform solution, mp 140-141, 


[a]*° betel (verateae CHC1.,); 1 


aromatic).745.940 (d,s, oNH) oD cee Lh Dey domo pee. cb 
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remaining sugar, OCH., GOGO» Ieoldedg)y Comic sess O c(t a Li, 


ss PANY oa: RS ye Bh a A © CH.CO), 2.03, 2.00, 1.98, 1.92 (all s, 
Lyaye lp COCH,), epics Vani. bei yal. iat Lc) 7 Scnmr (CDC13) 

Sem 22 COG yy 0.ob, 21 /0.52,) 170.0, 169.52,.169.33 
CCA rat oe OUa tema Omar) 129.23, 128/26, 126.22 (re- 
Mattar OoMic tC) peli ee Oo OO. fe (C— 1 Ci benzyl 
OCMC E Oly 40 m\C—4)0 ens eUS 975.07, (1.50, 7L.6L,.. 70.10, 
Cor Oo. 4 7, Oo 00 nEoOl 96 (remaining sugar and aglyconic: 
Qenes expected,, 9 tines found), 57.91 (C=-2), 51.40 (OCH 3), 
34.03 (CH.CO), Oe ee 09 Oe 99 25 Oe 24 Oo) (al pnati Cc), 
Pee it (NHCOCH..) , PHU Voy PN or (OCOCH 3). Anal. calcd. for 
Cree Nl Cm Oot aoe tos LOUNde Co /.58, H 6-72, 
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8—-Methoxycarbonyloctyl 2-Acetamido-3-0-(2,3,4,6-tetra-O- 


acety1l-8-D-glucopyranosy1) -2-deoxy-8-D-glucopyranoside (41) 


A solution of compound 40 (5.37 Spor oo nO) ein 506 
SaqucoUs aCe tiGeactd (129 mG) was Kept at s0°c for 30 min 
and the solvent was then evaporated (45°C bath). ‘Traces 
of acetic acid were removed by the addition and subsequent 
evaporation of 4 portions of p-dioxane (100 mL). The res- 
idue was purified by column chromatography using dichloro- 
methane-ethylacetate-n-hexane-ethanol (10:5:5:2) as eluent. 
The title compound was obtained as a white solid (4.11 g, 
863); (a) >> -3.9 (C 1.2 CHC1,), ‘Hnmr (CDC1,/CD,0D, 1:1, 55°C) 
ose 4,66) (hss, 2, H—3 > H-4"), 4.70. (d, ioe = 


Seon c,) Liye ie) 4a Cd, SOU 2 pei hie) gy 


Sess 


262-5. 00 sl,, LemMaining sugar; CCH. (63.66) and aglyconic), 


3 

Pees. tt, 2H, CH.CO), ee Gee Ober Ua 2. Ul Mal. Ss, Lon, 
. ie 

COCH3), eS eZOm im len aieuola ic ).: Cnmr (CDC1,) 6: 


174.36 (COOCH,), te) ere me eh O,0 perl, O OO LOU 4A Ga) OOS. 


(a yee Oden, Uecoe(C—l, C—l jr 64. Loa (C—4)i 15225 mal ole 


ie see 140, 70. UO tbe Oo CO andedGhy.cOn tema 
Pines expected, / lines found) , 62652762.06) (C677 C205), 
See) La G (OCH), 34.04 (CH,CO), Zoe A Geo or 
29157 29.00, 25. bis, eed Oe a Ppa Came ces i, (NHCOCH ,) , 
ZO A ee Ono2 (OCOCH 3). Anal. calcd tor G) HO, Ns: 
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8-Methoxycarbonyloctyl 27Ace cami do-6-O-acetyl=3-0-— (27.3, 4 ,,6— 


tetra-O-acetyl-B-D-glucopyranosy1) -2-deoxy-8-D-glucopyrano- 


side (42) 


Pa sOlution) of acetyl lchloride $0.45. mL «629 mmosy)9 in 
seis (7 mL) was added dropwise, over a period of 
Oma Ti, eeOea (St ero. SO Luton of 41 (3.78 g, 5.24 mmol) and 
pyridine (6.3 mmol) in dichloromethane (60 mL) kept at -78°C. 
After 10 min, the reaction was poured into water (100 mL) 
and extracted with dichloromethane (100 mL). The organic 
phase was washed twice with water, dried and evaporated to 
provide 42 as a chromatographically homogeneous syrup (3.87 g, 


die ewoichterystallized from acetone-n—-hexane, (71%); 


iL 


mp .155-156, lalee -5.3 (C 1.0 CHCl); “Hnmr (CDC1,/CD,0D, 1:1, 


3) 
Bee ee ee a Ae ety ot 2st Soe Has), 4.89: Cd; Jus Si 


POMC ee) A Goa, os = fa iy abi Peau eine 


MN pd 


Be OM iyerrema ini nos sugar,, OCH. (65.606)isand aglyconic) , 2.33 


e 
Cen Fase CH5CO), ZeeleteeOO ees Ue OZ eae Sa LOH, COCH,), 


1.80-1.20 (m, 12H, aliphatic); *‘Cnmr (CDC1,) : 174.38 (COOCH,), 


s) 
eOrs oes OO Opis] Oe ile eel 6915 4458 6 Ot? ime O) beh O10 seme ois 
(CG lt) 1613-5 0n (C=49 i 13. 48 2h Bye 1c yee eA On, ee et Ee, 
69.70, 68.59 (ring and aglyconic: 7 lines expected, 7 lines 
FOUN) 74.05 <6 do 0 1 C—6 eC On ne ae Ca eee elas (OCH,), 
34.08 (CH,CO), Phe leswlhe, PAA Pra ralO, waeciste) Secubakeleysberde nts Shoals 


(NHCOCH.), ZOO ee Oe aa (OCOCH.). When the 13amr spectrum 
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was recorded using CDC1,/CD0D Pe aSseSOlLVent, fd buns CaALoOn— 


yls were observed: Ce ee ya ee Ge Ly ee Oe ede eck y 


MOU Sm. ai ei Oe Ome Anal. Carcd., COL Cash... pws 
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8-Methoxycarbonyloctyl 2-Acetamido-6-O-acetyl-3-0-(2,3, 4, 


6-tetra-O-acetyl-B-D-glucopyranosyl)-4-0-(2,3,4-tri-O- 


benzyl-a-L-fucopyranosy1) -2-deoxy-8-D-glucopyranoside (44) 


~v~ 


To a mixture of 42 (2e458g;, 3:21 mmol) patetraethyl—- 
ammonium bromide (0.73 g, 3.48 mmol), diisopropylethyl- 
amine (0.91 mL; 5:22 mmol), molecular sieve (3:8 g), di- 
methylformamide (1.4 mL) and dichloromethane (7 mL), there 
was added 2,3,4-tri-O-benzyl-a-L-fucopyranosyl bromide (43) 
[freshly prepared’? from 2,3,4-tri-O-benzyl-1-O-p- 
nitrobenzoyl-a, 8-L-fucopyranose (2a50eo eo 29 mmog ) ] 1n 
Fite orome thane (2 mL). After 4 and 6 days, further amounts 
Of 43) (2235009) werezadded®], After aytotalyof\7 days; :TLC 
examination showed that no more starting material remained. 
The reaction was diluted with dichloromethane, filtered 
through a pad of Celite and the pad washed thoroughly with 
dichloromethane to a filtrate volume of 130 mL which was 
twice washed with water. Drying and evaporation left a 
brown residue which was dissolved in ethylacetate-diethyl 
etherm (3:1) fon decolorization. » The pale: yellowesyxrup 


obtained after evaporation of the eluent was purified by 


chromatography using dichloromethane-ethylacetate-n-hexane- 
ethanol) (102 525-2),asreluent. seh VaPporatlOnso matic saDpD EO mate 


fractions (Rf 0.58) provided the pure trisaccharide deriva— 
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bengy nandsagivyconso) 2.29n(ty. 2H, CH.CO), 2045 22... 00% 
Meo8ie Gal Las | Shy OCOCH,), Je 6S=1. 6, elon eine ludang 


NHCOCH , (co eOutGe H-6" (da, J ZnO LH 2) ands dla phatic) : 


*cnmr (CDCl) : 174.19 (COOCH 
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Perish eee eee OL (aL pha tLe), 22.09 (NHCOCH,), 
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8-Methoxycarbonyloctyl 2-Acetamido-2-deoxy-4-O0- (a-L-fucopy- 


ranosy1l) -3-O-(8-D-glucopyranosyl) -8-D-glucopyranoside (2) 


BP sOtutionsom@4s (310.9 ,2 462 smmo)) sim.dny.methanol 
(45 mL) containing a catalytic amount of sodium 
methoxide jwas kept at room temperature ffor 7.2, h prior to 
nevtna lyzation ywith vAmberLite eR Os Hs es Removal of the 
resin and evaporation provided the de-O-acetylated tri- 
saccharide derivative (quantitative yield). This product 
was then dissolved in 96% ethanol (55 mL) containing 53% 
palladium on charcoal (2.50 g) and the mixture was kept 
Stirring under a 200 psi atmosphere of hydrogen foreehah 
at room temperature. The catalyst was removed by filtration 
through Celite and washed with several portions of hot 


ethanol. Evaporation of the filtrate gave the title com- 


pound. aS ra, white ~>hass..(1 458.9, .862)s: ie 


2 
The ly and 13mr parameters are reported in Tables 1 and 2, 


ore] Seale) (Conlin He ©)... 
respectively. 
Treatment of 2 (360 mg) with 85% hydrazine hydrate- 


ethanol 4:1 (10 mL) at room temperature for 6h, followed by 


evaporation to dryness and the addition and evaporation of 
3 portions of n-butanol (10 mL) provided the hydrazide in 
quantiative yield. The tnmr Of tthis thydrazrde wasmadent— 
icaletorthatmio® meyexcept soma Ol eppm-upfiteldgshigt for 


the CH,CO protons and the disappearance of signal for the 
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methoxy protons. 
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3,4,6-Tri-O-benzyl-1,2-0(l-ethoxyethylidene) 


—O-U-Gilucopyranose (50) 


A solution of 3,4,6-tri-O-acetyl-1,2-0-(l-ethoxyethyl- 
idene) -a-D-glucopyranose (74) (206800, 054-9 smmol) 2 ins dry 
methanol (150 mL) containing a catalytic amount of sodium 
methoxide was kept at room temperature for 12 h and evapor- 
ated. The residual dry syrup was dissolved in dimethylfor- 
mamide (100 mL) and sodium hydride (7.63 g of a 56-58% 
dispersion in oil) was added in portions and, after evolu- 
tion of hydrogen had ceased, benzyl bromide (21.5 mL, 

180 mmol) was added dropwise, with cooling, to the resulting 
slurry. After 15 h, when TLC examination showed benzylation 
to be complete, methanol (10 mL) was added to destroy excess 
reagent. After 2 h, the mixture was diluted with diethyl 
ether (500 mL), filtered through a Celite pad and washed 4 
times with water (500 mL) before drying and evaporation. 
Chromatography OL the residue, using ethylacetate—n—hexane 
ge), containing 0.13) triethylamine, as eluent provided 2.0 

as a clear syrup (24.0 g, 84%) which resisted crystallizat- 
ion; [a] 2734.4 (C 1.1, CHCl); “Hnmr (CDC1,) 8: 7.65-7.00 (m, 


SH pee ay Olnei 4 Ci) 82> 21) 5a n Gee =i SZ eh ee, 4 ns OO 


eye 
40°28 s(m,, JH H—-2 and sbenzy)t 7 OK ae Ie eet Cina daa no 


sugar and methylene), 1.62 (s, 3H, CH), MBM Bary, Shsle 


OCH CH); *cnmr (CDC1 3) 6: 8 Bie 2 Olen eS Onto Gan oO oe Cat. 
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SBOmat LC} wale oe Ceo 26 mel) O.. Syaglt2 Owe ieee AOO pyre ae 
VremetiEngvaromatlic), suelol2 (quat. ,oLthoester),. 97.87 
eas sme Ou, Ul eae Ol oO EeO) pie Oc AG 12 9O yn Juliet Oy ie Oly 
69.33 (remaining sugar and benzylic: 8 lines expected, 


8 lines found), 58.61 (OCH,CH,), 21.97 (CH), 15.34 
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2-O-Acety1-3,4,6-tri-O-benzyl-a-D-glucopyranosyl bromide (53) 


A mixture of 50 (2.21 g, 4.25 mmol), tetramethyl- 
ammonium bromide (0.42 g, 2.01 mmol), molecular sieve (3.3 g) 
and dichloromethane (16 mL) was left stirring at room temper- 
ature for 2 h before acetyl bromide (0.60 mL, 8.2 mmol) was 
added. After 1 h TLC examination, using benzene-ethylacetate 
4:1 as irrigant, showed almost exclusive conversion of 13 
Chie. )eacOril -mMOneG.monie soroduct?: (Rf, 0.55) .«y fhe reaction 
was then poured into a vigorously stirring mixture of satur- 
ated sodium bicarbonate, ice and dichloromethane and filtered 
to remove the sieves. The organic phase was washed with cold 
bicarbonate, water and dried before evaporation to a clear 
SVLUDssethne nmrsspectra of this product showed it «to con- 
Sist) of over 90% of 14: "Hnmx (CDC1,) 6: ee Once] LO bay L5H, 


aromatic), 6-63 .(d, J. ~.= 4.0 Hz, >0.9H, H-1), 4.90-4.37 


(welt; a4 andebenzVv1i1C)i.04 .~lo—3.55 (m, 5H, remaining 


*enmr (CDC1,) Pp aeowey 


Sugar), 2.00 (s, >2.8H, COCH,); 
(C=O ave 30. 34 pels 7 oS) peel 5769.0 “(quae aromatic), L2s 48, 

P27 anol asn04 (GeMamnIng paroma Gicje, SI Abs etC—l)ey S0r4 OF, 
76.37, 75.53 (2C), 75.29, 73.52, 73.40, 67.61 (remaining 


sugar and benzylic: 8 lines expected, 7 lines found), 


20.69 (COCH.). 
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8-Methoxycarbonyloctyl 2-Acetamido-3-0O-(2-O-acety1-3,4,6- 
tri-O-benzyl-8-D-glucopyranosyl)-4,6-O-benzylidene-2- 


deoxy-8-D-glucopyranoside (54) 


Compound 39 (1.02 g, 2.12 mmol) was engaged tow 26h in 
the Helferich reaction with 53 iE or yee OenturiG Lh) etitice te CC 
conditions described for the preparation of 40. Processing, 
as before, followed by chromatography, using ethylacetate- 
n-hexane (3:2) as eluent, provided the pure title dis- 
accharide derivative (Rf 0.41) as a clear syrup (1.16 g, 


Syelewhich crystallized from ethylacetate—n-hexane; 
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8-Methoxycarbonyloctyl 2-Acetamido-3-0-(3,4,6-tri-O-benzyl- 


B-D-glucopyranosy1) -4,6-O-benzylidene-2-deoxy-f-D- 


glucopyranoside (55) 


A solution of 54 (600 mg, 0.63 mmol) in warm methanol 
(20 mL) containing a catalytic amount of sodium methoxide 


was kept at room temperature overnight. Neutralization and 


evaporation provided 55 in quantitative yield; [a] 4° sels kw 


(Gaei- ANCHET SH; + nmr (CDC1,) 6: 7.52-7.01 (m, 20 H, aromatic), 
CRO TMM PeNH) 85854 (s, 1H, ‘benzylidene) , “4983-4730 


(ieee ee benzyl, eh) C4272; (ome ep t—P veand el -6 =), 


SS) om 
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8-Methoxycarbonyloctyl 2-Acetamido-3-0-[3,4,6-tri-O-benzyl- 


2-O-(2,3,4-tri-O-benzyl-a-L-fucopyranosyl1) -4,6-O-benzylidene- 


2-deoxy-B8-D-glucopyranoside (56) 


Compound 55 (600 mg, 0.63 mmol) and the fucosyl bromide 
43 (2.4 eq.) were engaged in the halide-ion catalyzed reaction 
under the conditions described for the preparation Oh OE a 
Ceportnau no further =acaqitions of 43 were made. After 41h, 
the reaction mixture was processed as described for 44 and, 
after the decolorization, the residue was chromatographed 
Derngeu-nexane—ethylacetate (332) “as eluent. Evaporation of 
the trailing fractions gave back unreacted i) Pee silee a Stee 
Rechromatography of the intermediate fractions using 


SCnyrace satel Nexane-d1chlorometnane, (2-2: 0) provided the 


Ei erescompound, (Ri 0,50)as a white foam (297 mq, 373); 
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8-Methoxycarbonyloctyl 2-Acetamido-2-deoxy-3-0- [2-O-(a-L- 


fucopyranosy1) -8-D-glucopyranosyl]-8-D-glucopyranoside (4) 


~ 


Compound 26 fo Sig Od O90mmmNO lL) was) a1Ssol ved air 29 5? 
ethanol (10 mL) containing 5% palladium on charcoal (120 mg) 
and was hydrogenated at 140 psi for 40 h. Examination by 
Uheeat thas point snowed only .a.single spot. (Bf -0.5%<in 2— 
propanol-water 8:2). Processing, as described for 2, gave 
the title compound (60 mg, 95%): ne: 


D 
The ly and 13 onmr parameters are reported in Tables 1 and 


=O ene (CUO H,0) . 


2, respectively. 

Treatment of 4 with 85% hydrazine-hydrate-ethanol 3:2 
(5 mL) at room temperature for 2 h resulted in its complete 
conversion to the hydrazide. This compound was isolated as 
described for the hydrazide of 2 and showed the equivalent 


changes in its dnmr spectrum. 
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8-Methoxycarbonyloctyl 2-Acetamido-4,6-O0-benzylidene-3-0- 


benzyloxymethy1-2-deoxy-8-D-glucopyranoside (57) 


A solution of 8-methoxycarbonyloctyl 2-acetamido-4,6- 
O-benzylidene-2-deoxy-8-D-glucopyranoside (39) (18.4 Ge 
33.4 mmol), 2,6-lutidine’ (8.9 mL, 77 mmol) and benzyl “chlero- 
mechy Meether C20, Seemmol) in dry acetonitrile (140 mL) 
WIoeReULEc OG U-G, LOm 12eh. “Methanol (lO0%mL) was then 
added and, after 1h, the solution was taken to dryness. 
The residue was dissolved in dichloromethane (400 mL) and 
washed with cold 2% HCl, saturated sodium hydrogen carbon- 
ate and water before drying and evaporation. The residual 
dark syrup was then dissolved in dichloromethane-ethylacetate 
(a mandedecolorized-: 

Evaporation of the eluate and Guystali zation from 
methanol provided the title acuanne hel eee teen 6) ee Tic Cnc 


PBS 


159 - 160 , [a]2? 8.4 (C 1.0 CHC1,) ; Chine (CDC1,) 6: 7.49- 


eee ei LOH sea ronat Cleo) Oye, NH), 5.50 (s; LH,. ben= 


2yadadene)),) 5.00-4.7/.(m, 3H, H-1(64. 84, Jy ao 8). 05HzZ and 
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OCH.O: ING peo 9 Oe OB = ' 4.26 2 JaB =9°/5 0GHZ) pete e-4244 
(2H, benzyl: AB, sA = 04-6), GBi= 4.56, Ja = 12 00H 2 p44 
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Aisiic Cyl ees Omer G3 peel or kd ye? Jina 48, 126.09 
(remaining aromatic), 101.30 (C-1l and benzylidene), 81.79 
CO ee ome C=) tpn ay O04 oO, OG ho pe Om) oe (C=Dyn iGO, 
benzy peandeagivycontc) 7, 6.40). (C=—2), 34702 (CH.CO), OMS ba SA 
29.09, Poo ee) yee oe OOM aL pnatic) 9253.33 (NHCOCH,) . 
Anal. Calcd werOrmrG He eOeNe 6c 66. 097 1.7.56, No2. 347 
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8-Methoxycarbonyloctyl 2-Acetamido-3-0O-(benzyl- 


oxymethy1) -2-deoxy-8-D-glucopyranoside (59) 


Warm 50% aqueous acetic acid (80°C, 300 mL) was added 
to a solution of compound 27 VEO ee yete) OMIT ete poo Loxane 
(50 mL) and the resulting solution was kept at 80°C for 75 
min. The solvent was then evaporated and traces of acetic 
acid were removed by the addition and evaporation of 3 
portions of p-dioxane (150 mL). The residue was purified 
by column chromatography using dichloromethane~n-hexane- 
ethylacetate-ethanol (10:5:5:2) as eluent. The title com- 


pound was obtained as an amorphous white powder from acetone- 


m-hexane, (Lill gy 80%), [al Aye 2a Cele 2 CHC1,); *Hnmr (acetone- 
des D.O exchanged sample) 6: 7.40-7.10 (m, 5H, aromatic), 
5.01-4.74 (AB, 6A = 4.96, 6B - 4.79, Jn. = 600) HZ, 2, 


OCH,0), 4.63-4.51 (3H, H-1 and eel, eheectaua dene abe 
sugar, OCH, (Geos mandmaglyconici, 2.24: (tL, «2H, CH.CO), 

1.78 (s, 3H, NHCOCH,), 1.70-1.20 (m, 12H, aliphatic): **cnmr 
(CD,0D) 6: Via eee? (COOCH,), Lira by! (NHCOCH,), Mee E aL ol Copbieh es 
anomatic)r, 29) 3128-70, 128.58 remaining aromatic 
102.52 (C-1), 96.91 (OCH,0), 83.07 (C-4), 77.65 (Cae mao eons 
TOLSS, 70.51) 9(C-5 7) benzyl ev andrad! ycon1c) a6 209s GC — 0 ) ano Onn 2 
(C= 2) 7, 690 (OCH3), B42 (CH,CO), BOs 6 es Oe oes ne a, 


B02055 a2 OO es oo seal phat cj eee (NHCOCH,) . 
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EVaporation,of they trailing fractions = from,the.column 
provided 8-methoxycarbonyloctyl 2-acetamido-2-deoxy-B-D- 
glucopyranoside (58) (1.28g, 12%), identified by comparison 


with an authentic sample.1° 
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8-Methoxycarbonyloctyl 2-Acetamido-3,6-di-O-benzyloxymethyl- 


2-deoxy-8-D-glucopyranoside (6\N) 


A solution of compound a) (20S SG ae Oo mel), tbenzy | 
chloromethyl ether (3.11 mL, 22.5 mmol) and 2,6-lutidine 
(3.6 mL, 31.0 mmol) in dimethylformamide (35 mL) was kept 
at room temperature for 16 h. Methanol (2 mL) was then 
added and, after 1h, the solution was diluted with dichlo- 
romethane (300 mL) and washed with cold 2% HCl (300 mL), 
saturated sodium hydrogen carbonate (300 mL) and water, 
each time back extracting with dichloromethane (100 mL). 
Drying and evaporation left a white gum (11.6 g) which 
crystallized from ethanol—water (7.86 g, 61%). Chromatog- 
raphy of the mother liguor provided an additional 1.2 g 
pe 1 nmr 
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Amod—Ae 4 Gein oe Denzy.,. OCH-Ovand H-l)) 4-12-3.06 (m, 
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12H, remaining sugar, OCH, Coat G2 ye Ole Oi 04 ole) pecaricd 
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8-Methoxycarbonyloctyl 2-Acetamido-4-0-(3,4,6-tri-O- 
benzyl-$-D-galactopyranosy1) -3,6-di-O-benzyloxymethyl- 


Z-0eCORY—-5-D-glucopyranoside (62) 


A Tsolutron of Sas Get Ges—-O-benzy le2-0- pon trobanzoy l= 
a-D-galactopyranosyl bromide (47) [freshly prepared-4 from 
3,4,6-tri-O-benzy1-1,2-di-0-p-nitrobenzoyl-a, B-D-galacto- 
pyranose (46) (4.08 g, 5.45 mmol)] in dichloromethane 
(8 mL) was added to a solution of compound 60 UL 9 ONG 
3.01 mmol), silver trifluoromethanesulfonate (1.36 g, 

a. 2geimol) and tetramethyluree (1.4° mp), 1) .7.mmol)) in .dry 
dichloromethane (13 mL) and the mixture was stirred at room 
temperature, protected from light and moisture, for 42 h. 
The reaction mixture was then filtered through a pad of 
celite and the filtrate was mone up to 125, mL with dichloro- 
methane and washed once with saturated sodium hydrogen car- 
bonate and twice with water prior to drying and evaporation. 
The residual brown syrup was chromatographed using ethyl- 
acetate —n—nexane. (lvl )as eluent, providing two crude 
Gleaccharide containing tLractions.. slhemhirstarractl Ons hie 
0.55 ) proved to be a mixture of compounds and was de-O-p- 
nitrobenzoylated using sodium methoxide in methanol. The 
main component was isolated by chromatography, eluting first 
with dichloromethane, then dichloromethane-ethylacetate 


(Esl), providing 8—-methoxycarbonyloctyl 2-acetamido-—4-0- 
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(3,4,6-tri-O-benzyl-a-D-galactopyranosyl) -3,6-di-O-benzyl- 
oxymethy1l-2-deoxy-8-D-glucopyranoside as a clear syrup 
(GGd. so), 2 Le from 60). 
A inmr (CDC1,) 6: sidan’ Gale Soeey, Swe ats mls pe ok Sy Sey) 13 enmr 
(CDC1,) 6: DORI Ope son bom eG =, Ck) 8 95 hb 39 AL 69 (OCH.O) . 
Evaporation of the second crude fraction (Rf 0.30) 
provided slightly impure 8-methoxycarbonyloctyl 2-acetamido- 
fe Oa Noy a Ont bt —O—hbenzyi-2-O-p—-n i trobenzoy1—6—-D-galactopyran- 


osyl)-3,6-di-O-benzyloxymethy1l-2-deoxy-8-D-glucopyranoside 


mee ated 368s ann (Dele) s85254 (dd, Joy 5, 
B.0 Hz, J,, ,, = 9.5 Hz, 1H, H-2"); toate (CDC1,) 6: 100.55, 
100.40 (C-1, C-1'), 95.65, 94.94 (OCH,0). De-O-p-nitroben- 


zoylation of 61, followed by chromatography as described 
for ethe G=anomer , provided the title compound (62) 


whieh crystallized from ethanol (787 mg, 25%): m.p. 108-109, 
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8-Methoxycarbonyloctyl 2-Acetamido-4-0-[3,4,6-trid-benzyl- 
2-0-(2,3,4-tri-O-benzyl-a-L-fucopyranosy1l) -8-D-galactopy- 
ranosy1]-3,6-di-O-benzyloxymethy1-2-deoxy-8-D-glucopyran- 


Ooside (64) 


To a mixture of compound 62 (633 mg, 0.59 mmol), tetra- 
ethylammonium bromide (185 mg, 0.88 mmol), diisopropylethyl- 
amsnes0-26emE;) 1.60smmol), molecular sieve (830 mg); 
dimethylformamide (0.50 mL) and dichloromethane (2.5 mb), 
there was added 2,3,4-tri-O-benzyl-a-L-fucopyranosyl bromide 
(43 ) iireshiVyepreparcdmrLOme2 7 ,4=tol-O2penzy)—1—-O-p-nitro— 
benzoyl-a, B-L-fucopyranosel4 (90S mg 7a. Ooemmol) | ein 
dichloromethane (1.0 mL). After stirring at room temperature 
for 26 h, the reaction mixture was diluted with dichloro- 
methane, filtered through Celite and the filtrate was made 
up to 60 mL with dichloromethane. Washing twice with water, 
followed by drying and evaporation, left a brown syrup which 
was purified with chromatography, eluting first with n- 
hexane-ethylacetate (2:1), then dichloromethane-ethylacetate 
(ini) > Sande provadedeal trrsaccharidevcon taining @iraction 
(7658mgq) 2°) They nmr spectrasohrehisemacerra leshowed 1tUetorhe 
a mixture of two compounds and chromatography using dichloro- 
methane-ethylacetate (4:1) separated the components. Evapor- 
attiionsor, thembatter fraction (Rig 40) provided *thesrtivtle 
compound (385 mg, 44%) as a clear syrup: fale? seo ren UG 
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Dram ee Lr Ni) noe Go (Cl ; Jiu an ASOREZ 7 Ly ilo, 6494 — 
’ 


aon tyes 2 bDenZzyly OCH-O,, H—1l and) H—1:") 4-44.35. (q, 


Pe ares) fall 


Sheit2 meu esting 0) 7a los 3 7) (iy 2ON, eSsugar, OCH, (63.65). and 


aguyCOnrc jaye 2 7 1CtG, Zhe CH,CO), Lee aes ero jeeNHCOCH sy)usenl.0 0 — 
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Leen) ero eH — GOL Os eon —VOe eZ end at lpiatic): 


SL Gel 
di) 


Cnmr (CDC1,) 65: 174.25 (COOCH i Oe (NECOCT BOL ee, 


ale ae 
fee Ore eo Gio See Orel ee oO. 56, hoor pl Oko, 138 201 

(quat. aromatic), 1228796-126.58 (18 lines, remaining aromatic) , 
cee eG — eer OD AA Gant = 1) 1)0, 9 Jil 57 9 Oe 92095. LO (C-L™ ‘and 
OCH,0), Andee C—O meh Op) te 4 Oe 0.4078 76.42, 2/607, 

or AV) Meo ae 4 OG OO) Fuel oa Oy 136 005) J 2. OL, J LAD, 

Momo OJ OOo 42, Ob. 0 5, 2.071. 00, 100.09) (sugar, “agiyconic 

and benzylic: 21 lines expected, 19 lines found), 54.77 

(C2) D0 (OCH), 34.14 (CH.CO), POPE OWeee a eO 4 gae2 ely 

Core eee O OU 2 Ae 9 apna tic), 625.40 (NHCOCH,), 6.82 

(G—Oip) ee ALG leo ol CO se. OL CogHy 950} oN: 

Nm Or So ee COUN ee Ce tol, He 5072 Ne O295* 


er eerie 0 Elven Lie, 


Evaporation of the earlier fraction (Rf 0.58) 
provided 8-methoxycarbonyloctyl 2-amino-4-O-[3,4,6-tri-O- 
benzyl-2-0- (2,3, 4-tri-O-benzyl-a-L-fucopyranosyl)—-B-D- 


gallactopyranosy1)—376—-01,-O-pen2y |Oxymetny la 2s0eox yee 


Z 
glucopyranoside (63) as a syrup (191 mg, 22%): ee -24.8 
(er SEAL CHC1.) . Linmr (CDC1,)6: 12 34-6.99° (m, 40H, 
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AL etre) ap Sr n  Chipren), Teo olieipey tl pm) po4 LO 3 224 (m, 


ee 2 


L3H sugar, OCH, (i3.0O)scandealovconic) = 2.580..(dd, Jy ae 


Si Oe riz, Sweep, ohms) pf 2.2 oleh, CH,CO), Lae NO 


ie 
ill im, 7H, NB 
13 


Bobo sol 2d, ad =0.5) HZ) and 


Cae De Oi 
aliphatic) ; Cnmr (CDC13)6: 174.13 (COOCH,), 139.10, 
Pees Oem SoCo Ono eee 2, too. l oO, 137.97 (quat. aro- 
Matic) l2o.4)—1 26.4225 Lines, remaining aromatic), 104.31 
eee ee Oe ee OO Ly Oo 95.255 (C~l, OCH.O), 
Pane aire w Uy oust e sy 19.95, (5.02, 14.84, 
ee a ed te See OG ee Oye 12601 712603, Tl. 20, 
Tues eo wooo. 04, Oo. , 00.46, 66.30 (Sugar, benzyl and 
eagivconic: +21 lanes expected, 20 lines found), 56.62 (C=-2), 
Deo L (OCH3), 34.08 (CH.CO), BG WG, PSlecthhy, CASA. 742 ie (Ost 
Poole 4o tee onati C65 70 (C—6")F. 

Treatment of 63 with methanol-acetic anhydride (2:1) 


at room temperature overnight resulted in its quantitative 


; : VS 
conversion to 64, as evidenced by TLC, ly and Cnmr. 
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8-Methoxycarbonyloctyl 2-Acetamido-2-deoxy- [2-O- (a-L- 


fucopyranosyl)-8-D-galactopyranosyl]-8-D-glucopyranoside (5) 


Compound 64 (323 mg, 0.22 mmol) was dissolved in 953% 
ethanol (8 mL) containing 5% palladium on carbon (340 mg) 
and hydrogenaltedweat.14050s1 eLor 22 hy  alLC examination at 
this point showed the presence of a single spot (Rf 0.54 in 
2-propanol-water, 8:2). The catalyst was removed by filtra- 
tion on Celite and washed with several portions of hot 
ethanol. Solvent removal followed by freeze-drying an 
aqueous solution of the residue provided the title trisacc- 
haride as a white powder (131 mg, 86%): [a]2> —70 auc 0e9 
HLO). : 

The ms and 13 onmr parameters of 5 appear in Tables 1 
andi? plrespectively. 

Yreatment of 5 with 85% poate tie er ay as described 
for the preparation of the hydrazide of 4, resulted in its 
complete conversion to the hydrazide as evidenced by its 


Sane spectrum. 
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8-Methoxycarbonyloctyl 2-Acetamido-4-0-(3,4,6-tri-O-benzyl-8- 
D-glucopyranosy1) -3, 6-di-O-benzy loxymethy1-2-deoxy-8-D- 


glucopyranoside (66) 


Compound 60 (633 mg, 1.00 mmol) was engaged for 44 h in 
the Koenigs-Knorr reaction with 2-O-acetyl-3,4,6-tri-O- 
benzyl-a-D-glucopyranosyl bromide i53)) [freshly prepared 
from 50 (810 mg, 1.56 mmol)] under the conditions described 
for the preparation of 34. Processing of the reaction mix- 
ture, as before, followed by chromatography, using ethyl- 
Swetace-diechyleether-nu-nexanie (2:2: 1) vas eluent, provided 
a fraction (Rf 0.54, 514 mg) whose Lnmr spectrum was con- 
sistent with that of a mixture of disaccharide derivatives. 
De-O-acetylation,. using Sodium methoxide in methanol, fol— 
fowed by chromatography, using ethylacetate-n—-hexane (2:1) 
as eluent, provided the title compound (Rf 0.50) as a clear 
syrup (33L¢mg, Sls): diinmr 


(CDC1,) 6: 146 ee eee On, ALCOMaALLC ji, 5.008 (da, lHaNH a, 


4.99-4.34 (m, 16H, OCH,O, H-1' (04.72, Jy 51 = rWrerer tel ay) v 

Ht COAL OL, Jy > as 750 HZ)s cand ben Zvi) o 0S — 36> Om eae 
td 

Suda, OCH ( 32.68) and saqlyConiG) as 3) Um Dire LH Ou) see 


3 
(ty, 92H, CH,CO), eo See See, COCH,), Let O— le eet pee He 


ala phatic): 


Evaporation Of the Latter fraction? (Ri 0.38)) provided 
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S-methoxycarbonylocty! 2-acetamido-4-0-(3, 4, 6-tri-O-benzyl- 
a-D-glucopyranosy1) -3, 6-di-O-benzyloxymethy1-2-deoxy-8-D- 
glucopyranoside (65) (119 mg, 11%): “Hnmr (CDC1,)6: 5.12 
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8-Methoxycarbonyloctyl 2-Acetamido-4-0-[3,4,6-tri-O-benzyl- 
2-O-(2,3,4-tri-O-benzyl-a-L-fucopyranosy1) -8-D-glucopyrano- 


sy1]-3,6-di-O-benzyloxymethy1-2-deoxy-8-D-glucopyranoside (67) 


Compound 66 (245 mg, 0.23 mmol) and the fucosyl. bromide 
43 (2.2 eq) were engaged in the halide-ion catalyzed reaction 
under the conditions described for the preparation of 64, 
except tnatva,Lurthersaddrtion of 23 (2.2 eq) was made after 
Tope Ceorean adaitionalLt 249h, the reaction mixture was 
filtered, washed and evaporated to leave a dark syrup. 
Decolorization, using dichloromethane-ethylacetate (1:1), 
followed by chromatography, eluting with dichloromethane- 


ethylacetate (4:1), provided the title compound (Rf 0.38) 
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8-Methoxycarbonyloctyl 2-Acetamido-2-deoxy-4-0- [2-0- (a- 


L-fucopyranosyl)-8-D-glucopyranosyl]-8-D-glucopyranoside (6) 


Compound 67 (162 mg, 0.109 mmol) was hydrogenated for 
48 h under the conditions described for the preparation of 
OTe The yield of white freeze-dried powder (Rf 0.60 in 2- 


Zo 


D eilhee 7) ARS AAs: 


Bropanol—water, 8:2) was 65 mg (8532): [a ] 
H,0) - 

The ly and >Cnmr parameters are reported in Tables 1] 
and 2), 22cpeeEse 

Treatment of 6 with hydrazine-hydrate, as described 
for the preparation, of the hydrazide of 5, resulted in its 


complete conversion to the hydrazide as evidenced by aaa 
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ne Immunochemistry 
ix Preparation of Antigens and Immunoadsorbents. 


The procedure used for the preparation of the BSA- 
antigens was slightly modified from that reported by Lemieux, 
Bundle and Bakereeas The hydrazine-free hydrazides of 2, 4, 
5 and 6 were obtained as white powders by filtration through 
a column of Biogel P-2 in 10% aqueous ethanol followed by 
evaporation and freeze-drying of an aqueous solution of the 
eluate. The hydrazine-free hydrazide (100 umol) was dis- 
Soltvedeiny any DME, (185 mi)eand cooledsto —25°C.i« Then 
400 umol of 3.6M HCl in anhydrous dioxane were added, fol- 
lowed oe t=butyt—nitrite! (140) umol) .«-After 30/min; sul- 
phamic acid (40 umol) in DMF (100 uL) was added and the 
Solutaony cept teaty—7o. Calor, anvgadaitional l5eminip. This 
solution containing the hapten azide was added to a solution 
BOLVESAW( 2e11mo1) ineceeni., Oe pit -erasoluteons(0t 0S 5MyiCl in 
0.2M N-ethyl diethanolamine; pH 8.9) and kept at 0 - 4°C 
for 12 h and at room temperature for 2 h. This solution 
was dialyzed against doubly distilled water (300 mL) ina 
Diaflo ultrafiltration cell equipped with a PM-10 membrane 
and freeze-dried to provide the antigen as a white powder. 

The antigens were analyzed for carbohydrate content by 
the phenol-sulfuric acid method?® uSing a standard curve 


obtained from a series of solutions containing known 
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concentrations of the free haptens. The hapten incorpora- 
tions achieved are reported as the number of moles of bound 
hapten per mole of antigen, on the basis of a molecular 
weight for BSA of 55, 000M, in Table 7. 

For the preparation of an immunoadsorbent (IA), the 
hapten acyl-azide was prepared in the same manner as des- 
cribed above except that Hunig's base (500 umol) was used 
in place of the sulphamic solution. The solution contain- 
ing the hapten-azide was then added to a slurry of silyl- 
aminated Chromosorb pe suspended in acetonitrile (550 mL) 
and kept stirring at 0 -— 4°C for 12 h and room temperature 
for 2 h. The IA was collected on a scintered-glass funnel 
and.washed thoroughly with methanol and diethyl ether, and 
then stirred with 10% acetic anhydride in methanol at room 
temperature for nearly 12 h. The IA was then washed ex- 
haustively with methanol, water, saturated sodium hydrogen 
carbonate solution, water, methanol and ether and air dried. 
The hapten-incorporations achieved were determined as des- 
cribed for the antigens and are reported as the number of 


umoles of hapten per gram of IA in Table 7. 


Dee Immunizations. 
San Juan rabbits were immunized, in groups of 3, with 


each of the antigens derived from 1 - 6. The immunization 


lt 


fi 


ed 


he 


ak 


Ww 


ne 


ae 
Hb0.2 To 2a 7O7 siphew 
: 2a = 


: Lownt. 199 nezgan | 


= 


- to 
4 Ca aw ee 
“a Pa a2 ~ 
aque > ies Lo 
~ - | 
; Se -{i9 Gon 
Pe a. = 
7 - i 
} 28) BaI=arIe 
~ 
om q Py 
f — ~ 1d 
t 
| 
2 f ! DSL nas) r " if 
oa j 


[+ Jus \F ‘Tiite ASH 
( \ 


mee PY 


Incorporation 
Antigen Immunoadsorbent 
Hapten (mol/mol) (umol/g) 
ae 
e-Le' (2) ase 0.40 
o 
e-Le (4) Loe 5 O50 
ab) 103) sD hees Dios is) 
e-H (6) Ae atk O37 


TABLES - ENCOLrpor ation of hapten=—into~the 
BSA-antigen and immunoadsorbent 
estimated by the phenol-sulfuric 


acid method. 
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schedule used was that described by Lemieux et Alas as 


Protocol A. The antigen (0.5 mg) was administered in 


phosphate-buffered saline (1.6 x 10> ¢M NaH.PO, eric me ax TOs <M 
NaHPO, in 0.15M NaCl; PBS) emulsified in Freund's complete 
adjuvant (FCA) (0.8 mL). The suspension (0.2 mL) was in- 


jected subcontaneously in each toe pad and in the neck. 
The remaining 0.4 mL was injected intramuscularly, 0.2 mL 
into each rear thigh. A further 1 mg of antigen in PBS 
(1.5 mL) and FCA (1.4 mL) was given over 5 separate injec- 
tions 3 or 4 days apart, 0.3 mL in each rear thigh muscle. 
The rabbits were exsanguinated by cardiac puncture 10-12 


days after the last injection. The blood was collected in 


vaccutainer tubes and incubated at 37°C for 1 h and 0 - 4°C 
Ome e2eie pL tol uoEcrOteretCaction. ~The sera were made 
0.5% in sodium azide and stored at 0 - 4°C. 
101 
Be Quantitative Batch Immunoadsorption (QBIA) 
d 


The Le“, Le®, Le°, Le-disac, GlcNAc, LacNAc and H- 
disac IA's were available in these laboratories. The anti- 
body binding capacity of all the IA's used was estimated by 
adsorption of the undiluted anti-serum obtained from a 
rabbit immunized with the BSA-antigen derived from the same 
hapten. In the few cases where the result of the QBIA 
experiment indicated that the IA was within 20% of satur- 


ation using 100 uL of serum, the experiment was repeated 


using 50 UL and this result was used. 
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In a typical experiment, the serum (100 uL) was added 
to a I2ex 75 5mm test-tube containing the IA (30° +°1 mg) and 
PBS (900 uL) and the tube was slowly rotated, at an angle 
CiLeaboute4s 2, tatr0e—- 4°Garor 2.5 hiv 8the*supernatant was 
removed and the IA was washed 6 times with PBS (4 mL). 
Residual PBS was removed by suction with a finely-drawn 
Gapilbary. ~> Then 2% NH ,OH (in¥0:.. 15 WNaCcl) (10% mL) “was added 
and p;parteLerotationzok tbhertube stor p10 cminwat 0 == 4°C rand 
centrifugation. at 73000 trpm>(1000t¢G)imfiorv’2 min; “the super= 
natant was removed. The optical density of this solution 
at 280 nm was determined using the noeneerondnic solution 
obtained by identical treatment of a blank (un-haptenated) 
IA .as standard. The antibody concentration of the serum 


was then calculated using the extinction co-efficient 


agen = wee according to the expression: 
antibody (ag “mt AD 80 So1N), 
eo MiueOL Ser unm Usually) 0.) ue xeeie 4 


The results of the 96 QBIA experiments performed are pre- 


sented in Tables 4 and 5. 


4. Isolation of Antibodies. 
The general procedure for the isolation of antibodies 


from animal serum is given below. All manipulations were 
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Cotter Outen ateO—1- 40°C. 

The serum (10 mL) was passed through a column (1.5 cm 
fe.) Ot TAS (1lO0ig)) ata ftiow rate) of 20 mL/h.and the column 
was washed with PBS until no U.V. (280 nm) adsorption was 
detectable in the eluate. Then 2% NH ,OH (ine 0 1 oMoNaC lL) 
was passed through the column at a flow rate of 140 mL/h 
and the protein containing eluate was collected and immedi- 
ately neutralized with KH,PO, COcoeDigOLECo acy. ae eS 
solution was dialyzed (XM-50 membrane) exhaustively against 
PBS, concentrated to 10 mL and sterilized by millipore fil- 


tration. QBIA assays showed, in all cases, that about 80% 


of the desorbed protein was active-antibody. 


Sie N-Deacetylations. 

All the N-deacetylations were performed under condi- 
tions modified from those described by Lindberg et Ae 
The haptens (N-acetylated methyl esters) (ca. 5 mg) were 
dissolved in dimethylsulfoxide (2.0 mL) and 10N sodium 
hydroxide (0.4 mL). Thisphenol (50 uL) was added and the 
solutions were heated in a stainless steel bomb at 120°C 
for hearly 65 h. After cooling, the reactions were diluted 
with water (10 mL) and neutralized with acetic acid. 
Evaporation to dryness left a gummy white solid which was 


extracted 4 times with diethyl ether (25 mL). This material 


was dissolved in 10% ethanol and filtered through 2 columns 
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Uno oUTCMm)s OLebiogel 2, using the Same solvent, to 
remove the sodium acetate. Evaporation of the eluate and 
freeze-drying of the residue provided the N-deacetylated 
carboxylic acids as white pawders. The diinmr spectra of 
these samples, recorded in D.O0, were devoid of signals for 
the methoxyl and acetamido methyl group protons of the 
starting materials. These spectra were all in agreement 
with the assigned structures and required high purity. 


All the free amines provided the signal for H-2 as a doublet 


of doublets between 2.9 and 3.1 ppm. 


: : , ~~ 
‘ ‘ ’ . "s 4 ~ aed Dite! = = 2, ‘ae a 


‘ aes | ey p 
+ cRIAV SA eint6o8 mg ‘Boe #6 
. \ 


7 
[aw t2e¢% wi LC pre’ 7 
b 


we 
: : - TF : 

< - 7 a ° : 7 
hc 32 ng efittw as chtom ot lysods: 4 
: : , a a9 _ 
: . 7 = : 

< + (7 ae bn hea he A .c aluns: : 

> 


med - , oF op | 
S& OF sY AG 


o 
> 
= 


OF 


182 


REFERENCES 


Keevanadsterner,s Bvochem. +%. UOAme e230 e019 20)F. 

Wee Watkinsein es Glycoproteins:, “Their Composition, 
SEuNC GUPewONGeMInC Elo BCom Wee GOttScha | Ky amlsevier, 
AMS CELA 29.9) 26D eo 0. 

Woe Me wWatkins, paocnem. Soc. Symp. aehr Messy” NOMS RN bs 

Yous bhende, Gah. Desnpande, H.M. Bhatia, R. Sanger, 
R.R. Race, W.T.J. Morgan and W.M. Watkins, Lancet l, 
HO Se AAR LS 

Velemenege, slic sebatntem awe Mo Watkins ‘and W.T.30. Morgan, 
Nature 203, 3607 (1964).~ 

Woe Noua tose ror oh eoOC sslOndonsB 202, 31°°(1978) 
Rete nemo, (h. ebOCK, GG. UL belbaere, S. KOtO and 
Wate Neem Ceiclighs) ite, Celi SER, ene (steer 

Hehe Graal el emoiiay, sik. sHirscheand J.-C. Jacguinet, 
XVII Congress International Society of Hematology/ 
RVeCOnGOressmeinternational society of Blood Transfusion, 
Pamis, EVantCe eo o,) D.tD OZ. 

HeA.. Graham, sherk. Herschrand De M.gDavieseo ree nasal iiinaln 
Biood Groups”, Stheint. .Convoc m= immuno W., wba New 
York, kacger, base llores 

RoU. Lemleux eb okR es BUnO eeand. D aA sebaner ok. eAlel. 


Chem. Soc. 97, 4076 (1975). 


¢ 7 7 
7 ° z ; rr < ® 
° . ; 
a 
, 
- A sill ae ; 
iro hh iy ee 
_ P e A Vel a 
ca wv ¢ - 
4 ‘ 1 ¢ 
A i ¢ 


_ 7 : 
, 5 ra, ) me 
4 . Ba ,“aersorw®? Bam sagdo%ec 


- v i _ 
. - i “~ © ot » a> Om Fo 
ty 4 ° . : , i ig is ‘ WwTens 
= 
. ¢, 
t 9 a ont | os 
J } it ay 3 ‘ 29 2 ’ - «ft 
‘ ; 
» oa aa 
, ps Lan : P ud 
‘ 4 sf g i 5 DS aT "a @ 
? = a 
*) ys a ‘# T.4 ~8D9si a) 
it e 
M ory -nig 
» (atar ; 
: ~~ 
=~ a 2 bu 
= = < 
; eo” r i a 4 42029) e >e¥ 
> nae ~wmne Sh le 
pager). gat cVvei{ Sivizse 
—— 
i j 
os ; ra ~ 24 4 
' ot a: { .noOtd (SOLAS SW oes 
: r ! 
| 
re : i ¥ 
r Se on } “USL seid * ot 
/ 


- 


pe *, ; . 7 an rh - « 
£22 .u 48VOL_.90astd paises 
” ™, > 


27902". 
he seniodt 


ink, a2 . 
= 


a Son-tgragt 7 


3 


3 Be ia o> 
/ oo ae 


a» > 


—oorv— 


His 


ian 


i. 


14. 


ita 


at6F. 


Ieh4e 


ore 


oe 


207 


Zs 


wae 


MBE 


183 


R.U. Lemieux, D.A. Baker and D.R. Bundle, Can. J. 

Bae ecnememsoy 6 -.0.J8 (197 7.)* 

R.U. Lemieux, D.A. Baker, C. Switzer and W.M. Wein- 
stein, Biochemistry, submitted. 

R.U. Lemieux, P.H. Boullanger, D.R. Bundle, D.A. Baker, 
A. Nagpurkar and A. Venot, Nouveau J. Chimie 2, 321 
1,957.8 a 

R.U. Lemieux, D.R. Bundle and D.A. Baker, U.S. Patent 
Avs SUL eo IO) eet eam dune™ 2 17,,81.976. 

WeeehOGh iG. sander m@RnOLG,ecnem— Ber... 347, 957° (1901). 

G. Wulff and G. Rohle, Angew. Chem. Internat. Edit. 
aye oe Osa) Fe. 

Newel Gatichiy BAO Garvolydr Chem biochem 7347,) 243 
GEOR ies | 

R.U. Lemieux and S. Koto, Tetrahedron 30, 1933 (1974). 
S. Hunig, Angew. Chem. Internat. Edit. 3, 548 (1964). 
Ge eEP Uttam, o0r., so. McManus) and J .W. Larsen, Chem. 
REV mei 2es or (CLO) y 

B. Helferich and K.-F. Wedemeyer, Ann. 563, 139 (1949). 
J.-C. WJacquinettandte sinay, Tetrahedron (327 21693 
CLO 76 ye 

Jame eWallace and Lb.Re cehroeder, 0d .C.o.srenkin i 1938 


(1976). 


i 
: y 
a 
- r) 7 
Tws5 i.0 ae Tee 45 Pz a evant 0. : 
; ie 
® ' 4 } TOs : ,<e 


- 4) saten ~&.d « £20 4489 


2% 
< 4 - 7 
f ‘ » .vrteieedoota ,atess 
; ul 
ed Le | a | i. , ours Eaes.T .U.8 
Zz ban xoxtiane .A 


——. 


aa ART OED: 7 


v é. t ac : - a 4 : staf, 3) 9 i foe | Fy iG ae Ee ani Riek vee a 


2 sad ~%, Pease ‘3: sin apne, aes 
¢ A . ~ : 
aly a 


le, = tina stoner 


- 


24. 


25.5 


20. 


Zit. 


o22), 


os 


eddie 


eels 


184 


Ue Walcace aide. he och Ocdewy U-C.o. Perkin I1, 


ao hl iS BOL fos 


eos Naveacesand. Donwmechiroecuer,. U.C.5. Perkin IL, 795 


(EO "72/-)*. 

R.U. Lemieux and 0. Hindsgaul, Carbohydr. Res., 

Le Dreser 

NeW ROCHOCUKOV., oe ueeRnOrlin and: A..F. Bochkov, 
TeLLahedrom 237,) Clam 707). 

Walter ROCHE LKOV pues = eDOCNKOV, 1-.A. OOKOLOVSkKayaeand 
Vere VackhOVda,acarbonvar. «kes. 16,7) 17° (1971). 

Peds Galegg ana see hvarnstrom, Acta. Chem. ocand. B. 
Ope Oso a) Ors 

Pewee Gacregq and =i. hVvarnstrom, sActa’ Chem." Scand. 3B. 
ee oe ee) ve 

R.U. Lemieux and A.R. Morgan, IUPAC Symposium on the 
Chemistry of Natural Products, Kyoto, Japan, April 
Oe Oat 

[Bp HEAT ilapns yee (everieths Melee. Ilo ihe (nea): 

Dre OC a Ore ay SiO lee C NON e Lacie One 2 2 eee 

R.Us Lemieux, Adv... Carbohydr. schem. 97 lL Jo4) i. 

Je) Banoun anaes hs DUNG cym Colm mm (ell men ape 0 On. 
RAED Pee ee 

Dd.) Garegg and) ©. Norberg, n1cta. ecliem.. oCand.” Bo 


33, 116 (1979). 


; = 
a 
‘ - ; 
Ss 
~— _— , A. — * ro 
. : ils sit | OES aDA 
oF _ 
-4ates BE Af =~ 
Gee 
anion -A.J tee soetiet .3LG~ 
— ; 7 
= see ce i+ 


185 


37. H.M. Flowers, Carbohydr. Res. BL Sabet 2S Mile oe a Bae 

38. R.U. Lemieux, K.B. Hendriks, R.V. Stick and K. James, 
J. Amer. Chem. Soc., 97, 4056 (1975). 

39. D.Y. Curtin, Rec. Chem. Prog. 15, 111 (1954). 

40. S. Hunig and M. Kiessel, Chem. Ber. 91, 380 (1958). 

41. R.U. Lemieux and H. Driguez, J. Amer. Chem. Soc. 97, 
4069 (1975). 

42. J.-R. Pougny, J.-C. Jacquinet, M. Nassr, D. Duchet, 
M.-L. Milat and P. Sinay, J. Amer. Chem. Soc. 99, 
G6F62> {1977}: 

43. J.-R. Pougny, M. Nassr, N. Naulet and P. Sinay, 
Nouveau J. Chimie 2, 389 (1978). 

44. P. Sinay, Pure and Appl. Chem. 50, 1437 (1978). 

45. J.-R. Pougny, Ph.D. Thesis, Universite D'Orleans, 
Orleans, France. 

46. R. Eby and C. Schuerch, Carbohydr. Res. 34, 79 (1974). 

“47. V. Marouser, T.J. Lucas, P.E. Wheat and C. Schuerch, 
Carbohydr. Res. 60, 85 (1978). 

48. V. Pozsgay and P. Nanasi, Carbohydr. Res. 68, 157 (1979). 

49. R.U. Lemieux, Chem. Soc. Rev. 7, 423 (1978). 

50. S. David. A. Lubineau and J.-M. Vatele, J.C.S. Chem. 
Conmmans 7 355) CU L978 . 


51. J.-C. Jacquinet and P. Sinay, Tetrahedron 35, 365 (1979). 


52. C. Auge and A. Veyrieres, J.€:S. Perkin I, 1825 (1979). 


Dive Pit), 


atc s _ « 
a4 . oe 29 ‘ 
al 
- s \ 
ey ' = em as 
t #74 = A a i 
me co 
,} LWe = + 
pe! Lest 
— 7 ‘ 
. 4 
nef) Fea ee 
ae a & 3 12 
r - + y coll 
’ « v2 aa & <- ‘ 
— 
. & q 
i IZeS 
-_ * 
a. 
=> 
at) 
4, 
e Ones 
: a! | 5 Fe J ? rad 
- a 
te — 
§ od e .* es . 
some 
re 4 * et 


ae) re pe: “a >) 78 


ttt. 


ce | 
.@ Sas ae ae -03 


i 


: — 
» xeotmed 7.8 58 


4gtea) Baae 


i“ 
. * — 
‘ 

i, » Vita? | ej ai ~~ iy 
’ o 
7 7 a 

% ad s a _- 

bre Deki mM 

4 


ra f z re i) So¥o. 
: + - ' tn 7 “ 
Mo wansod o> ote 7 

a = : _ 


.hussviol 


» B= aL _ thysiodtsn 7? 


ss2 wot a 


oo he 


54. 


a5r 


Oe 


Dulre 


Site 


oe 


60. 


Glee 


62. 


63. 


64. 


65. 


186 


R.U. Lemieux and H. Driguez, J. Amer. Chem. Soc. 97, 


4063 (1975). 

Wee me ACKUINGt wanda»  Sinay,1i scam. PerkinglL, 1319 (1979). 

Heeraulsenrand CC. kKolar, Angew... chemi nternat.. Fait. 

Ga GLO.) 

Hem au lsen sands GC hOlay Chem .ber.- 127) 3190) (1979):. 

R.U. Lemieux, Joint Congress of the International 

Society of Hematology and International Society of 

Blood Transfusion, Paris, France, July 24-28, 1978, 

Abstracts of Papers (II), 924. 

ieee ydite, LONOKE xDemMCd 2057-313 (1958). 

A.Y. Khorlin, V.A. Nesmeyanov and S.E. Zurabyan, 

Carbohydr ees 9033 Cla L974) 7 

A. Klemer and U. Kraska, Tetrahedron Lett. 

AD Teno 72) 

Verda pincOnn 6A. 0 en ciermand UD. mohapiro,ed. Org. Chem. 
ire CAPs as ES ESB 


J.-C. Jacquinet and P. Sinay, Carbohydr. Res. 46, 138 
CLS 7G)=. 

J.-C. Jacquinet and P. Sinay, J. Org. Chem. 42, 720 
CO 1s) ee 

J2—-G. Jacguinete and Poems ina yy. embod kein aly. 14 
CUS AS e 


MeePantlsenmangec nolan. ecrancdronmlelt-s2cole cuba). 


if 


co 


coxa .~. éwlewet.,.@meyustd 7 Se 
. : 7 7 


7 

a 

a 
a 

— «= 

_ 

ba | 


_ i. 
: aaa : 
a" *, i _ a i iY 
cu Hf Bae ave kee 
- - _ 7 


is bs} ap i 
ec >: 


Fel 


a? tctet .waedeed 
oo ey s. 
vlosmieel, Zo yiokoor 
: = 
a - , a . 
a re< =| iirc ‘eopryanst! jet ia 


“ 
ts 
=) 
be 
- 

i 
. 
bu 
is 

Oo 

“ 
*% 
a2 
> 


" © 


‘ ? « — “il : A, 
ee} ..U qniizota ~1,A cae 


~ <= 
: ¢ 4 ye a a: Si, Pare i, § wA 


wea) S ey, \ 
% sealuposl 2 -- 
: ae Ems, . 


7) 


66. 


OTe 


oor 


697 


Toe 


alee 


1 Ae 


Uae 


74. 


Wwe 


Uo 


Gali 


(hee 


eke 


eh Oe 


PSY 


Meolie Vet eeandehemotinay, MAndew. Clem. “litetniat. bare. 
SBS aH Wattle Cling 7/2 Bye 

R.U. Lemieux, Methods Carbohydr. Chem. hyp CHA MBBS ah 
G. KOtcwycz and R.U. Lemieux, CUCKine REV e157) 069) Ul973)% 
Yoo tOuULOM, PeLoonaeeconmun:cation. 

Urea oadiateeC ance Memy MieCelon, lec. >. Chem. Commun. , 

S10) Sie dal IG es 

M. Dejter-Juszynski and H.M. Flowers, Carbohydr. Res. 
Oe oe 71s) e 

Jel eouUd latageoUvemecaboonydr. chem. 6, 1 (1953)-. 

Meee ecnii ing cease ey oma ci, Jie. Amer. Chem... Soc. 
se OU Om EScl re 

Peele tier ono ven ms MOLgal,s Can... J. Chem.” 43, 2199 
ES Oa. 

ie OGdWwaye kee KatanO and Mo Matsui, Carbohydr. Res. 64, 
Coe el BE That ee 

W. Hartmann, H.-G. Heine and D. Wendisch, Tetrahedron 
eC 26 See Oey 

M-lE. “McKenna; MJ. Higa, N.H. Cheung and M:C McKenna, 
Pecreanearoneuet t.gerlo ome (yc. 

Heo. Cebelizg go. “Aner = Clem 6 SOC me cm oro Ome Ula 

Eo Pacsusdnd 0. ben CLane mgm select me CleI aro OC may 

AMD psho iy (AES EY y= 

Telos weaweamcicwiie Goer et ClIei.;m tty OCC Chem... 34, 


SNe Rena hl Heels bf 


ef Lf | aI Let ea a Oh I ‘ ow A. 


< _ ne ~ pickel =o ‘ 
mat ti. fl BOA SRVWHHOA ua 
- na 7 
mymeoa Innoeeeg ,SOIOT. 44 
<— ; .. 
¢ —ee _- ~ oe ot - ey 
452 M Df oe Lise! 8 
' 
st{hTOL) e0¢ 
4 e 
AARVSRa b = Be Fs 7. 
. rrot) or 2 
<a : vbA ,@radipue .M.U 
— el. 
at 3 as Z- 
i * 4 = itis Be mS) «ise 
= (ever) 309 .22° 
— ¢ =, 
5 ‘ee - ¢ 
tj Hy FLA 3 Wal -U..A 
72 
Pd - 
, & a 
» (eure 
i 
. ’ D 
: ” — os , 2 po we 
=n @ eal od 
; (SVal & 
‘ « - 
4 m ; . J i} .» RAS 73 14H w 


= > 
- a 4 7 
' 


r 


‘ .¥ a - ts : 
JentalinMh Sal tes preoitia .fi. «sp24 2%, ,Snstomw .a.M 


= 


te 


ies 7 * sienis 1 it. qtindel 


188 


8l. R.U. Lemieux and T. Kondo, Carbohydr. Res. hie ECS AOE Wi a Ee 

82. G. Stork and M. Isobe, J. Amer. Chem. Soc. 97, 4745 
(1975). | 

pO eee OU ad . eveMCCOnald,) culiimandswac. StL) lL, » 
Amelie Cheme.50C e102, 021 17 6( 1980): 

84. E.J. Corey, J.-L. Gras and P. Ulrich, Tetrahedron 
Be ees9 61 97.6 ee 

85. R.U. Lemieux, P. Hermentin and T. Norberg, in 
preparation. 

SO eh .0 ei) andsDat ekeach, Jj Amen. sChem. Soc. 48, 
2 iit 926)". 

Be ar 2 LON Zereand iC. eeChuerch,, Carbohydr. Res. 27, 
S/S AGUS ESAS 

Soltek Ua beMmileux, se | takeda land eB.Y. ihung ,:ACS «Symposium 
Sseniesi30),09 08 (1977 6). 

Soep som ehanessian and J. Banoub, Carbohydr. Res. 53, C13 
nS EE ees 

SOs an # ROdcre anda D.G-e Nerison,, Chem Rev 617..1/9 (1979). 

Sl. «S..Hanessian, Tetrahedron Lett. , 1549 1967). 

92. wg .-R. Pougny. andsP. sSinay, Carbohydr swsRes. 47, 69 9(1976)— 

Ester weak) std. eee ees J AMG CEM. BoOCr ss oyme 2 cio sme, 177.) a 

O47, .JhoHo Noga lesvand she sso Cchirmereln Tie wNucLear Over 
hauser Effect: Chemical Applications", Academic Press, 
New York, 1971. 


O5 see Seka cnarzmand ek, IWULDLLCh, wu Mag. Res.930, 1475119738) « 


a> ¥% 


™ ¥ 


a 


> 
- 
=" 


@a «te eee 


— 


/ 


AedeA, | cages .7 bar 


‘ : P + , 
irariot® .4. eeetmat 


sss srteqgesq 


« eabasst . ~VdUSLEBA 


} ic 
* { ' } wet & & a 
bol ~ on ‘ “ 
‘| 4 : aie Bhd a> 
P ye —— 
: Per 7 


ts 


> ee a 


20%. 


28/8. 


DOR 


hehe 


OUT 


Oe 


OZ. 


BOS". 


104. 


INSlae- 


OG" 


We 


2S: 


Oo 


189 


Chembiomed Ltd., Edmonton, Alberta. 

leet eters, ory, Clin. Chem «Winston-Salem, “Nuc. 
ae les Tea(19 6 oc) 

Mer Dubows, = K Aw Gide es, 0. Ke Hamiititton,s PA. Rebers 
ONCMEV-M oma, Anarene 120),4550 (95 6)l 

Ore Ouciitern von yea? rod. fa Lexrd yet, 215.0) 5(190625 % 

E.A. Kabat in "Experimental Immunochemistry", 2nd 
edition, chapter w24,a96u. 

R.U. Lemieux and J. LePendu, In preparation. 

ied eor Wien) Gare pernand -elmunochemistry 67,765.67 
(1969). 

PL H.*Boullangen, A» Nagpurkar, A.A Noujaim and 
ReUee Lenveux:, ‘Can.eo., Biochem. 56,2 .1102? (19°78) 


Jeesang mule J eAMe Chem, SOC 2-387, 22200019 16)e. 
J.P. Raney and B.Y. McLennan, J. Immunol. Methods 

Pace ls}. Ils tay a 

Senee Zelinsi fand ReMi bambernt; Prect. Soc. tExpyiB101. 
Med) weles ye cOr Gao aye, 

ReMeeeambent, J.k. DOoland: and K.R- 2Zelinski, ant. 
Archs. Allergvappa... Lumun. 37959 elo /o)e 

ReU] Gemileux, J. beePendueand SOc anIndsoau ls aD 

AN CIDLOELCC IO 2 aio eels Oye. 

R.R. Race and R. Sanger in "Blood Groups in Man", 6th 


Cd tion eS Lackwels Sclenbiticy ox Ord, 19/5, 1p. 15. 


" ( ps ic 


; a» i ane 


a oO ¢ ag 
‘s = i 7 a reer “Ao 
4th \epeaenhs «esa Heine. inet A 
/ , hes - 
' 7 _ ' 
Ld "i , rr. 
, - « art , » 2°) oa 2U * 
(naet 
- » nl 
t 
Oe : .—ti es =} 
Ty 4 41 « ‘ 7 7 bak a & ei e448 
¥ » ° - » _ } rt 
t H ° boy «= *%s ‘ 403 
ae ~ 
a, 
E “ pt ~ i , | pie | 
J a) & ‘a 
a ‘ 5 Tx AS 
: .> te70ge 
f-.% Soe wo 
« * ) al ri 
t : fj - Lead ‘ 
é 
f \ _ 4 a ah alee d 
A ~TSes iia yes : ,ssyer 
~~ 
: 
- ~ - a ee) ee Tet 
; 7 “~ , — ' _ fies sa at 2 ie y oI ate 
7 


; 7 ( ~ t . ¥. 
is ssem4 .t , eiompisdl s& 


* - a~ — t. - ‘oe Ta c . 
(oon . Long .& -atpaeic (.2 Ben. yons .4o6 
¥ : / 
- 
ue “+ > 
_.2T0i4 ae’ <e 
* 
2. i al xs F nn 
* * — ain J Ma i fi ttagitei P| 
ee 


= - 


7 F 7 
eee LAS OS «4 o@ mp. eer, | ake vie. Sa - =) J3Stited See > 


=) 4 - \ 
- iqyayeveltAccade ae 
a = Pits ay —- a 


7 


= 


ss a 


: ara mous _ wy le 


a 


BEA) 


PLUCse eM mWatkinseandaWal.J.. Morgan, Vox. Sang. ye EAC Bae 9 

iene Cappel lini er roc. Stheint. Congr. blood Trans, 
payee INS Tas foie PAVIA 

eZee Mee MareusStandu linn ease: science 1647° 553° (1969). 

113. "Fluorescent Antibody Techniques and Their Applications", 
Awhawalura, Jr. 6d., 2nd edition, University of Tokyo 
Press, Tokyo, Lo7 i: 

Peer od mon andmAcsGerbal, Blood’ Banking 1, Section D, 
CRC Press Handbook Series, 1977. 

peor cme bOLnO yeh. “Granath,~ wu. Kenne and B. Lindberg, 

Can oOlny Crees Re Srardi eee a) O1)e- 

rome MoM oWeerPeLroitrea,. fc.) KLSaltlus, £. Gruezo and B.A. 
Kabat eacen S1OChemeeb1Opnys 185, 7108 ">(1978)-. 

ijn oe) mrbeGnin, «Wal. Armarego.and D.R. Perrin; »*Purifi- 


cation of Laboratory Compounds," Pergamon Press, 
Tondon;, 1966:. 
iiseeeGeWeekcaner;) A.B. Levy and M. Midland an “Organic 


Synthesis via Boranes", Chapter 9, McGraw-Hill, New 


Siawel ey ANS IID 


: 7 we a 7 - _ : 7 y — 
anos “.7.W ban @ainde f at »ULL 
pide bs." Bae ene ial he 


- ~~ 


- _ 
«tS * Fd % 
‘ ° aT 
' eS 4s 
- ‘s ~ Sig <, 
4 ¢ 
= 
* = - rs 
\ 4 ] : (See 
+ 
ad « « 
“f az ‘shiv e. o' 
== 
. ‘ » es 
‘ ( \ ¢ a as 
a ~ 
S&S $ oo ‘ 
= 
,.. * ‘ ‘<a 
rmsaee ieaogol’ 
a 
; 1a 7 Sars" 
' g- P v4 2 = ; * & 
rt) “3 > VJ T1Pe al 13 10L769 
7 a i) i = 7 
4! i . d 7 
e Ver @ (itoael oO 
- 
7 4 . 
: us 
ts | ar eee" ‘O 3s * =- 3 4975-12 * 


Loa 


APPENDIX 


Sha RO= 2 ACY LORTHORSTERS) OF 9374, 6—-TRI- 


O-AGCETYL>0—-D—GLUCOPY RANOSE 
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oe 


ABSTRACT 

The 1,2-0-(2 — oxa-3 - oxo-cyclopentylidene) derivative 
of 3,4,6-tri-O-acetyl-a-D-glucopyranose was prepared in 
both the exo (4) and endo (5) forms. The compounds were 
prepared by bromide-ion promoted cyclization of 3,4,6-tri- 
O-acetyl-2-0- (3-carboxypropionyl)-a-D-glucopyranosyl bromide. 
The similar acylorthoester derivatives of phthalic acid 
were prepared from 3,4,6-tri-O-acetyl-2-0-(2-carboxybenzoyl1) - 
a-D-glucopyranosyl bromide. The cyclizations produced a 
much higher ratio of the endo forms than would be expected 
from their relative thermodynamic stabilities. The 
configurations were established by nuclear Overhauser 
enhancement studies and their conformations deduced from 
dime parameters. The greater stability of the exo- 
isomers appears to have a stereoelectronic origin’ 
Preliminary efforts to engage the acylorthoesters in re- 
actions with isopropyl alcohol to form glycosides are 
reported. It was discovered that carboxylic acid provides 
powerful catalysis for the 8 to a anomerization of O- 


acylated glucopyranosides by stannic chloride. 


INTRODUCTION 
The development of a generally reliable synthesis 
of 1,2-trans-8-glycopyranosides in high yield remains an 


important challenge. The best methods now available, using 
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glucose derivatives as an example, appear to be those in- 
volving the intermediate formation of a We o-ombhoester.s.0- 
All such methods, especially when applied to hindered and 
weakly nucleophilic alcohols, are susceptible to extensive 


Re!) ge 


formation of a- as well as 8-glycoside. Also, the 


nature of the acid used to catalyze the orthoester rearrang- 

ment can strongly influence the route of reaction.>’® 
The formation of a 8B-glycoside by way of a 1,2-ortho- 

ester is expected to proceed by the reaction pathway out- 

lined in Scheme 1. The first formed 1,2-dioxenium ion (A) 

is attacked at the anomeric rather than the 2-position of 

the pyranose ring because of participation of the O-5 atom 

in charge delocalization as indicated. Most probably, the 

reaction, in its first stage, involves bond rearrangement of 

the dioxenium ion (A) toward the glycosyloxonium Aone Bye 

Nucleophilic attack at the f~-side of the anomeric center 

would be rendered favorable because of shielding of the a-side 

by the newly formed 2-acetoxy group which can be expected 

to be electrostatically attracted to the carbonium center 

as depicted in B. Stereoelectronic demands appear! EO 

require the development of the glycosidic bond to occur 

with a’ p-orbittal sof the 0-5 satom sin anvantz—periplanax 


orientation as indicated in C. Should the shielding of 
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the a-side of the anomeric center be lost, as is indicated 

in D, then a-glycoside (E) formation is expected to become 

the favored route of reaction ef 
It was considered of interest in this regard to prepare 

intramolecular 1,2-acylorthoesters such as could be derived 

from succinic acid (4 and 2) and phthalic acid (8 and 9) 

to inhibit the accumulation of stable orthoesters derived 


from external alcohol and, perhaps, favor reaction by 


way of the oxocarbonium ion of type B rather than type D. 


DISCUSSION OF RESULTS 

3,4,6-Tri-O-acetyl-2-0- (3-carboxypropionyl1) a-D- 
glucopyranosyl bromide (3) was prepared from the readily 
available 1,3,4,6-tetra-—O-acetyl-a-D-glucopyranose (1) by 
way of its 2-O-—(3-carboxypropionyl) derivative (2). The 
intramolecular cyclization of 3 to produce the desired 
spiro acylorthoesters (4 and 5) in excellent yield was 
induced by bromide-ion apeegenee The corresponding 
derivatives of phthalic acid (8 and 9) were prepared in 
a similar manner from /. Practional scerystaliuzatyvon 
allowed the isolation of the pure orthosuccinate 5 and the 
orthophthalate (8). Attempts to obtain pure samples of 4 
and 9 by chromatographic separation failed. The properties 


of these compounds were deduced from mixtures of the epimers. 
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The li and es parameters determined for compounds 
4, 3, 8 and 9 are reported in Table I together with those 
for the structurally related compounds 10 to 13. Te sexO = 
and endo-configurations were assigned to compounds 4 and 3 
on the basis of nuclear Overhauser enhancement measurements. 

The readily available form of 3,4,6-tri-O-acetyl- 
1,2-O0-(l-ethoxyethylidene) -a-D-glucopyranose (10) has been 
assigned the exo-configuration. 

The great stability and uniformity of the magnetic 
field generated by a superconducting solenoid, the high 
resolution achieved at fields up to 400 MHz together with 
the computer-assisted FT mode of operation allows the 
precise (within 2%) measurements of nuclear Overhauser 
enhancements” and thereby often provides a convenient tool 
for estimating whether or not two or more hydrogen atoms 
are in close proximity. Thus, for example, the exo- 
configuration of 10 could be easily confirmed by examining 
the effect of irradiating the methyl group (6: 1.70) of the 
sa Neeyeesaeal unit. As expected, the signals for Hy, H. and 
the methylene hydrogens of the ethoxy group were Teed 
enhanced by 2.4, 9.5 and 5.6%, respectively. This places 
the methyl group closer to H-5 than H-3 which would bé in 
accordance with the Bo .5 conformation (however, as will be 
seen below, in a somewhat distorted form). Similarly, irra- 


diation of the higher field (6 2.65) multiplet for the methy- 


lene protons of the succinyl residue of 4 resulted in 2.4 and 
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6.4% enhancements of the a oreiaeon H3 and He respectively. 
Alternately, irradiation of H-5 of 4 caused a 2.1% enhance- 
ment of the signal for this methylene group. As expected, 
the signals for H-3 (6%) and the two H-6's (4.7%) were 

also enhanced. These measurements allow unequivocal 
assignment of the configuration of the quaternary carbon 

in 4; Pha as, 4 issth>,exo-isomer.s) In, the, casejof Sy 
irradiation of the multiplet at 6 = 2.48 caused enhance- 
ment of the signals for H-1 (4.0%) and H-2 (2.3%) as expected 
for the endo-isomer. The conformational preferences for 4 
and ) are discussed in detail below. The configurations of 
the phthalic acid derivatives (8 and 9) are assigned on the 
basis of the nmr parameters reported in Table I when 
compared to those for compounds 4, 5 and 10. 

Under the conditions for the bromide-ion catalyzed 
cyclizations of 3 and 7 the ratio of exo to endo acyl- 
orthoester found in the product varied somewhat from 
experiment to experiment but in SO case the amount 
of the exo product was less than that in mixtures obtained 
when the isomers were equilibrated in dichloromethane 
containing a trace of trifluoroacetic acid. Exo-4 
and endo-5 were formed in a ratio of near 3:5 whereas the 
ratio was 5 for the equilibrium mixture. In the case 
of exo-8 and endo-9, the ratio in the reaction product 
was 3:2 whereas in the equilibrium mixture the ratio was 
7:2. In the case of the ethyl orthoacetate 10, the ratio 


of exo to endo in the equilibrium mixture was the same 
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as that found for 4 and 2 The rapid equilibrations are 
expected to proceed by way of 1,2-dioxenium ions of the 
type 15 with A= H. The faster formation of the thermo- 
dynamically less stable endo-5 from 3 can be rationalized 
in terms of an Sy2-type replacement, as depicted by 14, 
of exo-bromide formed from 15 (A = H) and bromide ion. 

From the standpoint of repulsive non-bonded interactions, 
it could be expected that the more stable acylorthoester 
would be that with the "small" oxygen atom in the more 
crowded endo position. However, as noted above, it is the 
exo-isomer that is energetically more favorable. 

The modified Karplus sonateitenisatier used by Coxon and 
meee Pigdesludveote the sconLormations of 1, 2-O-alkylidene 
pyranose derivatives provides the torsion angles given in 
Table II for the vicinal hydrogens about the pyranose 
rings of the orthosuccinates 4 and 5. 

Thesd21 ference sinetne coupling constants for vicinal | 
hydrogens about the pyranose rings of the orthosuccinates 
Amande> srecui Tres stheschange sin conLigurationsateC—200fs tne 
dioxolane ring to cause an appreciable change in the con- 
formation of the pyranose ring. As seen above, the nuclear 
Overhauser enhancement experiment favors a Bo 5 ttke con- 
formation for 4. Indeed, inspection of a molecular model 
suggests that 4 likely exists in the somewhat flattened 
andeslightly distorted Bp -conformation which is inferred 
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byetiesvicenaiescoup ling constants (Table 1). Soin the case 
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TABLE II 


Conformations for the Spiro-1,2-acylorthoesters 


Estimated from Vicinal Coupling Gonstantss 


H-1,H-2 H-2,H-3 H-3,H-4 #H-4,H-5 
Compound 4 (exo) 


z 
Tn (Hz) 5.5 320 320 5) 


Torsion angle (°) -38 -54 124 166 


Compound 5 (endo) 


3 
Ua (Hz) 62 4.5 7.2 he fl 


Torsion angle (°) 235 —133 148 169 


“calculated using the expression proposed 
by Abraham and coworkers! 


Das derived from the observed spacings. 
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of 5, the large values for JH-3,H-4 and Ureepesees esUsh 
gestive of near anti-periplanar orientations between H-4 
and its neighboring hydrogens (H-3 and H-5). The value of 
oe2eHzeifon Ju-1,H-2 requires these hydrogens to define a 
torsion angle of about 30°. On this basis, the preferred 
conformation for the pyranose ring of 5 could be near the 
sass conformation ae H-1 and H-2 in quasi-axial and quasi- 
equatorial orientation, respectively. On this basis, it 
would be surprising that irradiation of the methylene group 
would cause stronger enhancement of Chesqtvasi—axial= H—lFtacom. 
On the other hand, the “c, 
which has the O-5-C-1-C-2 region strongly flattened so as to 


conformation for the pyranose ring 


accommodate the dioxolane ring also provides torsion angles 
compatible with the measured vicinal coupling constants 
(Table II) but a decision in this reeare could not be made on 
the basis of the coupling constants only. 
PneOvIerecOmLatclOnalizesthestactethatethetexo—compound 
4 is thermodynamically more stable than its endo-isomer 3, 2c 
seems necessary to invoke a substantial driving force for the 
oxygen atom at the 2-position of the dioxolane ring to adopt 
as axial an orientation as possible as indicated by the con- 
formational formulas aresennea fox 4 and 5 (also, the related 
structures 8 and 9). The driving force presumably would be 
of a stereoelectronic Origin asvis%the case *for the anomeric 


effect sae On this basis, a rationalization seems possible 
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Since, should the Bos conformation of 2 be maintained in the 
case of Sr there would exist, as can be readily gauged from a 
molecular model, a severe non-bonded interaction between the 
endo-oxygen atom and H-5. Thus, the change in conformation 

for the pyranose ring would be expected to occur in order to 
relieve this interaction. Should the endo-isomer (5) prefer 


the flattened 4 


C,-like conformation then, as suggested by the 
conformational drawing, the endo-oxygen atom would be in a 
position to cause deshielding of H-3 of 5 as compared to H-3 
of 4. As seen in Table I, this was indeed the case. Further- 
more, this conformation would place H-1l in a somewhat more 
equatorial orientation than H-2 and these orientations would 
be more in line with the nuclear Overhauser enhancement which 
were observed on the irradiation of the methylene-group 
hydrogen atoms of S) than would be the case should the pyranose 


ring be in the eo 


Becontormation. elt must bewrecognized that 
the conformations assigned to the pyranose rings of the acy- 
lorthoesters represent the weighted average of the conformers 
with appreciable population in the conformational equilibria 
and, likely, these are not highly rigid structures. 

It was expected that acylorthoesters would be highly 
prone to dissociation either by thermal excitation alone 
or with the assistance of acid catalysis to form dipolar 
species (15) when A is a neutral species (solvent or 


Lewis acid) or the cationic species when A is a proton. 


Recently, Wulff and co-workers! ? reported the synthesis 
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and reactivity of 3,4,6-tri-O-acetyl-1,2-0-(1-[4-(4- 
biphenylyl) butyryloxy]ethylidene) -a-D-glucopyranose. 

In principle, the dioxenium ion (15) could lead to 
the formation of the cyclic structure 16. However, this 
structure was not encountered either in the preparation 
of the acylorthoesters or in the product of their solvolysis. 


It can be expected that 15 would be in equilibrium with 


= 


17 so that, in the presence of an alcohol, a glycoside 
would form. Under conditions which would produce the 
dipolar species 17, the a-side could be well shielded 
and thus promote attack by the alcohol on the 8-side 


to form 8-glycoside as the preferred route of reaction. 


Reaction of 4 and 5 with alcohol in the presence of 
a trace of trifluoromethanesulfonic acid as catalyst could 
lead to the formation of the orthoester 18. However, a 
two mole excess of isopropyl alcohol did not provide a 
measurable amount of 18 under conditions which rapidly 
equilibrate 4 and 3: 

The acylorthoesters (4 and 5) were then heated at 
150° in nitrobenzene with a molar excess of isopropyl 
alcohol. Only 60% of the orthoesters reacted in 18 h. 
An isopropyl ester was formed along with glycoside (303% 
Vaeld)gine depo tO. sla bt OO tom LOM meAGGlt Ont Ole. 45 be 
trimethylbenzoic acid had no apparent affect on the 
reaction. Addition of a slight excess of 2,6-lutidine 


completely suppressed the formation of glycoside. Judging 
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from these results, the further pursuit of this approach 


to the synthesis of 8-glycosides should include a 
search for more reactive spiro-acylorthoesters. 

Stannic chloride is known to promote the reaction of 
an acetylated sugar with alcohols to form glycosides? 4/15. 


It was therefore of interest to examine the reaction of 


these acylorthoesters promoted by this Lewis acid. Indeed, 


reaction of 5 was rapid at 25°, with dichloromethane as 
solvent, providing near quantitative yields of isopropyl 
glycoside but with the a-anomer predominating. Examination 
of the course of reaction showed the system to provide 
strong conditions for 8 to a glycoside anomerization. This 


ee had ehoan Stannic chloride 


was surprising since Pacsu 
BOmbCwcn VET ye POULT Catalyst fOr=this “transtormation and 
this was recently confirmed.?> Indeed, isopropyl 2,3,4,6- 
tetra-O-acetyl 8-D-glucopyranoside (22) (Oct eel nec holo 
form at 25° and in the presence of an equimolar amount of 
stannic chloride was found to anomerize very slowly (half 
time of reaction about 1400 min). However, under the same 
conditions, isopropyl 3,4,6-tri-O-acetyl-2-0- (3-carboxy- 
propionyl) -8-—D-glucopyranoside (24) ands SOpropy 13 747,6— 
tri-O-acetyl—2-O0-(2-carboxybenzoy1l) -8-D-glucopyranoside 
(25) were found to undergo rapid anomerization with half- 


lives of 10° and’ 7 minutes, respectively. 
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These rapid rates of reaction were expected to originate 
in the liberation of a proton to form the protonated species 
19 and 20 (A=SnCl1,) under superacid conditions, with subsequent 
anomerization, probably via the open chair intermediate 
(Dimes Indeed, when isopropyl 2,3,4,6-tetra-O-acetyl- 
8-D-glucopyranoside (22) was subjected to the above 
conditions, with the addition of one molar equivalent of 


acetic acid, anomerization was near 100 times faster 


(ti 2 = 14 min) than in the absence of the acetic acid. 

In contrast to the results obtained using the succinyl 
compounds 4 and 3, the reaction of the phthalyl compounds 
8 and 9 produced high yields of 3,4,6-tri-O-acetyl-2-0- 
(2-carboxybenzoyl)-a-D-glucopyranosyl chloride when 
treated with stannic chloride in methylene chloride in the 
presence of two mole equivalents of isopropyl alcohol. It 
thus appears important to choose structures for the develop- 
ment of this 2 aniesson Ge B-glycoside synthesis that can well 


separate the -coosncl, group from the anomeric center. 
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EXPERIMENTAL 
The general procedures and analytical methods used 


were the same as previously described. / 


1,3,4,6—-Tetra-O-acety1-2-0- (3-carboxypropiony]l) -a-D- 


glucopyranose (2) 


A solution of 1,3,4,6-tetra-O-acetyl-a-D-gluco- 
pyranose oir (6.76 g, 19.4 mmol), succinic anhydride 
(5.77 g, 57.6 mmol) and 4-dimethylamino pyridine (0.2 g) 
in 40 mL dichloromethane-pyridine (1:l, V/V) was stirred 
at room temperature for 2 h by which time tlc on silica 
gel using ethyl acetate, hexane, ethanol (10:10:1) 
indicated completion of reaction. Water (20 mL) was added 
Bndetnie soOrutvonewas evaporated to dryness. Toluene (2 
x 100 mL) was added to the residue and removed by distillation 
in vacuo. 

The residue was dissolved in dichloromethane (100 mL) 
and the solution was washed successively with water (2 x 
POOema)*,, Os “HEL * (200 mb) -and=water™ (100 7m) = Drying sand 
solvent removal provided a syrupy product in 98% yield 
(8.58 g) which crystallized from ethyl acetate-hexane: 
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3,4,6-Tri-O-acetyl-1,2-0-[2 - oxa-3 - oxo-cyclopentylidene] 


e-D-glucopyranose [4 (exo), 5 (endo) ] 


Awsaturated solution Of HBr in acetic acid (40 mL, 
prepared at 0°) containing 3% (V/V) of acetic anhydride 
was added to a solution of 2 (8.50 g, 19.0 mmol) in 
dichloromethane (10 mL). After the resulting solution 
had been kept at room temperature for 1.5 h, the solvent | 
was removed at a bath temperature of 35°. Toluene (100 mL) 
was added to the residual yellow syrup and removed by 
distillation in vacuo. After repeating this treatment a 
second time, the product was dissolved in dichloromethane 
and the resulting solution was decolorized with charcoal, 
and evaporated to provide 3,4,6-tri-O-acetyl-2-0- 
(3-carboxypropiony1) -a-D-glucopyranosyl bromide (3) as 
a white foam. The crude product resisted crystallization 
but appeared essentially pure (nmr) and was used directly 
to form the title compounds. The material was dissolved 
PneaLveacetoniatritves(30 mL) yand toxthis solution 4 A 
molecular sieve (5 g), tetraethylammonium bromide (3.2 g) 
and 2,6-lutidine (10 mL) were added and the mixture was 
stirred at room temperature for 3 h. Removal of the solids 
and evaporation left a yellow syrup which was dissolved 
in dichloromethane (150 mL). This solution was washed 
twice with water, dried and evaporated to leave a syrup 
which crystallized from dichloromethane-di-isopropyl 


ether as fluffy white needles, 4.43 g (60%), mp 125~-135°. 
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The time of this material showed it to consist of a 5:3 
ratio of 9 and 4. Successive recrystallizations from 
ethyl acetate and dichloromethane-diethyl ether provides 
pure endo isomer (5): mp 162-164°, [a],7* +135.6 (c 1.0 
CHC1,). 
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1,3,4,6-Tetra-O-acetyl-2-0- (2-—carboxybenzoyl) -a-D- 


glucopyranose (6). 


A solution of 1 (Ei OO8o74 55. oammol) nh phthalicvyan=— 

hydride (7.49 g, 1.5 eq) and 4-dimethylaminopyridine (37 
mg) in 45 mL pyridine-dichloromethane (2:1 V/V) was kept 
BieroOmercemperatures Org Ion, then ‘taken to ldryness. 
The residual clear syrup was dissolved in dichloromethane 
(100 mL) and the solution was washed with 5% HCl (200 mL), 
then water (100 mL). Solvent removal left a white solid 
which crystallized from boiling ethanol (100 mL) in 90% 
viaeldo(15 404 .9))- sOne recrystal lization provided the 
analytical sample; mp 159-160°, [al 10 OF ee CCEEO 2, 
CHC1.,). 
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3,4,6-Tri-O-acety1l-2-0- (2-carboxybenzoyl) -a-D-glucopyranosyl 


bromide (7). 


Compound 6 (20.07 g, 40.47 mmol) was reacted with 
hydrogen bromide under the same conditions used for the 
preparation of 3, producing 7 as a white foam which 


provided an unstable crystalline product from ethanol- 
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Arial Calc. for C59 #549) 185: Cems oe4 4-H 4 09 


Bison 1S eee OUNC = aC 74.0. 0.) ¢ at) 31906 eb, 1.5.70. 


hexane: mp 140° (dec), [a] sART i Sie Ae 1 eN0 CHC1,). 


a7e7 On tl O-aceryl—1,2—-O-phthalidylidene-a-D-g lucopyranose 


[8 (exo), 9 (endo)]. 


The crude 7 appeared essentially pure on examination 
by tlc [silica gel-ethyl acetate, hexane, acetic acid 
(5:5:1)] and was used stueserake for the preparation of 
the title compounds, as described for 4 and 5, except 
Ehat the reaction Mi xvture was estirred.at_50°.for,2.h, to 
give a yellow foam (90% yield). 

The Limr spectrum showed it to consist of an approxi- 
Matelys2:3.mixture of the endo 9 and exo 8 isomers. 
Crystallization from methanol provided 10.4 g of pure 8 
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Isopropyl 3,4,6-Tri-O-acetyl-2-0-(3-carboxypropionyl) - 


B-D-glucopyranoside (24). 


Isopropyl 3,4,6-tri-O-acety1-8-D-glucopyranoside (ae 
(800 mg, 2.3 mmol) was reacted with succinic emvacides as 
described for the preparation of 2, to provide a pale 
yellow solid: 1.03 g (99%). Crystallization from ethyl- 
acetate-hexane provided the pure material: Moe bo — 119/58, 


Ze 


la}, srelbinei (ss hae) CHC1.,). 
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Isopropyl 3,4,6-Tri-O-acetyl-2-0- (2-carboxybenzoyl1) -B-D- 


glucopyranoside (25) 


Compound 23 (435 mg, 1.25 mmol) was reacted with 
phthalic anhydride, under the conditions described for the 
preparation of 6, Diuterores6nn. | ene product crystallized 
Beomeethylacetate-n—-hexanes (682 yield): mp: 120-1210, 
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evaporation (100°, high vacuum) left a dark.yellow syrup 
whose Lime (CDC1,) showed a 60% incorporation of the iso- 
propyl group into the non-volatile product and near 403% 

of equilibrated starting material ee and 5). This material 
was de-O-acetylated by treatment with methanol-triethylamine- 
water (2:1:1) overnight at room temperature. Evaporation 
and treatment of a methanolic solution of the product 
with Amberlite TRO gave a mixture of glucose and 
isopropyl glucopyranoside (30% yield) in a ratio of 
approximately 7:3 (tum) . The relative intensities of the 
Signals for these anomeric protons required the isopropyl 


B- and a-D-glucopyranosides to be present ina ratio of 5. 


2. Stannic Chloride Reactions. 

Stannic chloride (0.22 mmol) was Bede at room tempera- 
ture to a stirred solution of 5 (85 mg, 0.22 mmol) and 
PeOucopylwaitcohol 5(0.30.mmol) in dichloromethane (1.5 mL). 
After 1 h, pyridine-water (1:2, 1.5 mL) was added and the 
mixture was then diluted with dichloromethane. The 
solids were removed by filtration using a Celite filter 
bed. Removal of the solvents was achieved by azeotropic 
co-evaporation with Pree portions of toluene. The 
yield of icrudexglycoside, (902)) was estimated from the Timr 
(CDC1 5) spectrum by comparing the relative intensities of 
the signals of the methyl groups in the aglycon with 


those for the O-acetyl signals. De-O-acetylation, 
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followed by treatment with Dowex 1 x 8 (OH ), showed 
the product to be a 5:4 mixture of the a and 8-D-gluco- 
pyranosides as determined from the relative intensities 


of their anomeric doublets (aH Oso. Oly, 9 oor z 


1: 
BH,: 6.4527) Je oe Hz Under tne same conditions, but with 
a reaction time of 15 h, a quantitative yield of a mixture 


of the isopropyl a- and 8-glucopyranosides was recovered. 


The a/8 ratio was 85:15. 


Puonerdicat i oneReact ions 

Stannic chloride (1.0 mole equivalent) was added with 
vigorous mixing, at zero time, to a solution of the 
acylated isopropyl §8-D-glucopyranoside (22, 24 and 25) 
(U-M)eanypure dry chlorotorm (except in the case of the 
reaction of 22 catalyzed by an equimolar amount of acetic 
acid). The sample was transferred, via a syringe, to a 
thermostated (25 + 0.2°) polarimeter cell and the rotation 
was followed until it reached a constant maximum. The 
reaction mixture was neutralized and processed as described 
apOVe mm he*pSeudo=first—order  atesconsStantseoLetne 
Bla anomerization were determined using the standard 
integrated polarimetric rate expression and the half-times 
of reaction calculated from these constants. 

ic liimr spectra of the isolated reaction products 
were, in all cases, consistent with a mixture of isopropyl 


3,4,6-tri-O-acetyl-2-O-acyl-a- and 8-D-glucopyranosides 
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in an a/8 ratio of near 85:15. 
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